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PREFACE

ABOUT ENERGY TECHNOLOGY MODULES

The modules were developed by- TERC-SW for use 1in Lwo-vear pbstsecondary technical

Lnstitutions to prepare technicians for employment and are useful 1in industry for up-

dating emplovees 1in company-sponsored training programs. The principles, techniques

and skills taught 1n the modules, .based on tasks that energvy technicians perform, were

obtained from a natlonwxde advisory committee of employers of energy technicians. Each

module was written by a technical expert and approved by representatives from industry.

A module contains the following.elements:

which 1dentifies the topic and often includes 4 rationale for
1

Introduction,
s:udfﬁﬁg‘the material._

Brerequisites, which identify the material a stddent.shculd be familiar
with before studying the module.

Jdbjlectives, which clearly identify ~hat the student 1is expected to know for sat-

factorv module completion. The objectives, stated i1n terms of action-oriented
ha 1dentify

nd defane,! rather than werds with many Lnterprctatlcna, such

[w M YER
[¢]

viors, include such actign words as operate, measure, calculate,

as know, unde

$4

Y

stand, learn and apprec:ate.

-

Subject Matter, which presents the background, theory and technlques supportive

-

to the objectives of the module. Subject matter 1s ertten with the technical

atudent in mind.
s

Exercises, which provide practzcal problems to Which the studentLCan apply this

new knowledge. N .

\
-

Laooratory “laterials, which i1dentify the equipment required to complete the >
iaporatory procedure.
Laboratory Precedures, which 1s the 2xperiment _section, cr "hands-on' portion, of

the modu fin¢luding step-by-step instruction; designed to reinforce student
Learalng. ’ . )
] L . - -

Jitaefables, vhica tre incliundes in mest medules for the SIrst veir or bas .o
cCur<es. o nelo the <tudent lo1vn now to z4llect 1nd drsingze 2at ‘

I
ReTavences. shilh 0T [qollied s sd¥2esTiNNS for ~upvlement iy reading
L2vanl Jor thy ftadens
—.:T.oovhiin meg 2 Tae sturent's cchiweenont L0 tne preszatod oY ect., -
SRS L niZa deTaness it 2ot Pl Tovis rowards 18@d gt o
Cully THAT AT MM Tolv .. L, S0 InT.<. teted de oeln. e
LT T e stulens i '

. .
: -3 »
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INTRODUCTION

-
~

Computers are logic devices composed of a vast array'of
elementary logic gates. These gates often are used singly
or in simple comblnatlons in computer support circuits such
_as memory, 1nput/output and clocks. Thls module 1nvest10ates

the logical properties of these gates and some of the basic

&

.

digital C1rcu1ts’that can be made from'them. .

~

- . PREREQUISITES

a

The student should have completed the course in Micro-
computer Operations and have the ab111ty to us& d.c. instru-

ments and to breadboard 1ntegrateq_C1rcu1ts (IC).

-
!

OBJECTIVES

° Upon “completion of this module, the student should be
able to: B .o
1. Predict 'output from multiple gate circuit schematics bv

using truth table5 and standard logic symbols.

-

@ 4

Deftine the follow1ng terms:

ry

Microcomputer. . e
Large scale integration (LSI).
Hardware.

Software. .

Arithmetic unit” -

° a0 o

rt

Clpck and control unit. - \>

Memory. ! \\\ L v

Data. :
Instruction.

e 00 gy
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.

Central proce§sing“hnit (CPU) .
‘Primary‘meméry.. ' T
Secondary memory, .

Location.

Address.

Read only memory (ROM).

Random access memory'(RAM).
Peripheral.
Digital signal.
Level esignal. -
Pulse signal. ’

Gate.

AND gaté.

OR gate.

NOT gate (or inveftera.
_NAND gate.

NOR gate.

Exclusive OR gate.

“j.
k.
1.
m.
n.
0.
p.
q.
Tr.
S.
t.
u.
V.
Ww.
y.
Z.

Non-exclusive OR gate.
Inversion bubble. ‘
Adden.' -»> )
Reg:';fte'r.

Buffer

Flip-flop.

Set-reset flip€flop:
Trigger fydp-flop.
Master-slave flip-flop.
J-K (steerable) flip-flop.
Program counter.

Leading 'edge. %

nn.” Trailing edge.

°
-

Page 2/MH-01
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. - SUBJECTMATTER

® CHANCE§-AND THE COMPU?ER*S COMPONENTS

A

Since the first generatlon of digltal tomputer hardware
appeared in the 1940's, the momentum of changlng computér

P

technology has grown at an-ever- 1ncrea51hg pace,

.+ The challénge for techn1c1ans 1nvolved with computer
__,hardware 1nc1ud1ng technicians 1n energy conservation and )
- s use, ¥s to keep abreast/of/%hese rapidly-changing d@velop-
_ ments o
. Phis introductory course in Computer hardware summarizes .
- the ba51c 1logic components found in all digital computers, as
. well as basic digital electronics and simple troubleshootlng
- techniqued. Students should realize, however, that in ‘this
enV1ronment of technologlcal change, the hardware encountered
in the field w111 be wide- ranging in appearance and functlon
The term "'microcomputer' refers to a digitdl computing
" dev1ce that utilizes an advanced solid-state microprgcessor.
— Microprocessors were flrst introduced in 1971 as a result of
Large Scale Integratlon (LSI) technology, which enabled the
‘construction of a single silicom Integrated Circuit (IC) con-
taining the miniaturized logic devices requlred by computers, -
which will be detailed in thls‘course . o
Hardware refers to the physical Components and circuitry
= that make up a digital computer. Software refers tg programs,

' or rules for organizing operatlons by which-the computer su-
- perlmposes symbolic meaning upon interrelating b1narv electrl-o
cal conditions. .

- The followino is an overview of the four basic groups of

components that make up a computer: )
GROUP 1. ARITHVETIC UNIT.™ The unit that 01ve> a compu
N er its' name, the arlthmetlt unit utilizes h1gn->peed dr;

W T
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.

ital “circuitry to compute basic arithmetic ‘operations.
" e Vot . A .

All computer information processing is accomplished

through symbollc numerac'chlng that undergoes simple

mathemat1c transformatlons N y

GROUP 2. - CLOCK AND CONTROL UNIT.: Using stored programs
to- gulde complex functions sequentr&ily through orga-

_ nlzed ‘logical routines, the clock and “control unit pro=

vides the necessary timing and control«51gnals te coor-
dinate the many 1nternal operatlons of a computer. -

. {
In combination the ar1thmet1c unit .and the <clock and
control unit are sometlmes referred to as’ the central

)

processing unit (CPU).

B
‘e .s

EY

GROUP 3. "MEMORY. Computer'memory can serve as w'hold-

" ing tank “for. partial, answers whlle_ozher—parts of a prob-

lem are being solved. Information of this nature heing
stored for the arithmetic unit is-commomiy—teferred to
as data. , Memory also stores“informatiBH'fbr the control

.

unit; this Informatlon is called 1nstruct10ns ﬁrograms
of,rouflnes and subroutlnes offer step by-step guldance

T

enabllng ‘the cdmputer to perform a task.

The term "prlmary” memory refers to 1nterna1 storage'

. made up of magnetlc cores or semlconduq;ors, ”secondary

memory con51sts of etternal devicesy” Such as magnetic
tape or dlsk recorder/reader ///ﬁedern semjconductor
nemories have 1ncreased/computer reliability and speed, "
maklng laroe* @/mory capacities economlcallv fea51b1é

. New advances in magnetic- Hubbile memo;v promise to <on-

tlnge that trend. ’ -

L

///////Wemorx is d1V1ded into .units, or 109at10ns tha*

data or 1n>truct10ns The amount of 1nformat10n

’ ) . h 203
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cally stored in these locations varies from computer to

computer.” The term-"word" usually defines the number

of bits contained in each}locatibnv and is usually com-:

posed of 4, 8, 12, or 16 bits. A bit is a binary digit

and is the smallest unit-.of data in a mitrocomputer. A

wgrd is the basic unit indicating the number of bits

that\are processed simultaneously. Each memory location
. has an address, and most computer memories can be ac-

cessed by means of these addresses in a random — rather
_than sequential — fashion, This is called RAM, &

for Random Access Memory‘” Read Omly Memory, orﬁuﬁl

~

can also be randomly accessed — but normally cannot be

~

altered by the computer. ;
T : “ oy

UniqlGe addresses are dlso assigned: to input/output de-

vices enabling the CPU to access a specific I/0 device.

GROUP 4. INPUR/OUTPUT (I/0). Computers must be inter-
faced in order to communicate with humans or with other

devices. I/O dev1ces are commonly Called perlpherals
Computer peripherals usually communicate in (he same dlo-
ital format as the computer However, many situations
exist in an analog - rather than dlgltal - state, and’
? must be ‘translated into and 6ut of a b1nary cond1t10n
aThls is usually accomplished through the use of Analog
to Digital Converters (ADCs) during input and Digftal to
-Analog Converters (DACs) during output.

-Bérly inp@t methods were IBM cards, paper tape. and mag-

netic tape. Today, the most popular human interface is
the WDT. or Video Display Terminal, which uses a kev-
board inp&t and video screen output. Ulcjmately, comput -
ers will actually speak to and hear humans. Until then./

¢

P 12~ MH-01/Page
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high-speed printers, disk and tape devices will remain
the most numerous and widely-used output peripherals..

o

Modern computer terminals communicate information so
rapidly that the process seems instantaneous to human
perception. - R -
All digital computers communicate and process messages
by converting information to a system of binarynuhetic

coding. v

. ' \ .Y .
The previﬁ:s course in\Microcomputer Operations intro-

duced the student to_binary number systems and how their sim-
ple digital nature could be used to add and subtract numbers.
This course, Microcomputer Hardwda¥e, will examine more closely

electrical devices that enable a dlgltﬁI/Computer to add and
subtract, as wellsag other more complex operatlons a d1g1ta1‘
.computer performs But, first, a gllmpse of the nature of
electrical s1gna1 used by these dev1ces is necessary

DIGITAL SIGNALS

‘ In ; qigital conte;thvthe term "signal"-refers to sym-
bolic meaning transmitted by means of periodic changes be-
twéen twoudifferent electrical voltages against a pre-deter-
mined timeframe. ‘ ‘ ~ ;

* The notion of time -in this def1n1t10n p01nts to another
1mportant element in the communlcatlon of a signal other than
the voltage differential: the duration, or time span, of a

-~ X
signal. >

Two terms that uescrlbe a s1gna1 s behavior in time are
"level," and ”puLse. A signdl that remalns constant at +5

Page 8/MH-01
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volts through two consecutlve tlmh periods .in order to commu-
nicate two consecutive d1g1tal states of 1 is called a level
signal: This type of signal is n rmally used as a control
s10nal that changes less frequent y. A pulsé signal communi -
cates the same two consecutive’ 1 states as two rapid changes
from 0 volts to 5 volts and back to 0. Pulse s1gnals are
normally used to,1nddtate rapldlyrchang1ng data.
Very precise timing ls‘réquated in digital combuting@

Durations in time hormally will be measuredﬂat the precise
moments when voltages Change._ The chahge from 0 volts to +5
volts, (the chanoe from the low state to the high state, also
referred to as going high) is commo ly called the leading edge
7of the s1gnal The Treturn to 0 froz

+5 volts (the change from
the h10h state to the low statq, alst referred to as .going
Jow) 19ﬁ§hﬁmonlv called the trailing edge of a signal. These -

e

oin¥s in time often trigcer chain reactions between logic

W /\ 1 o0 o ,

networks. + ~_ . i>
i

<y Within a computer -various channels are designated to .
communicate spec1f1€ types O6f information. One such control

"channel, or~control bus, sends a regular cyclé of signals ¢

throughout the computer for timing pur s, providing a time-

‘ frame of relativity agalnst\whlch.the duration of a signal

may be measured. . _ . %
Y Figure 1, ‘three channels containing diOiﬂal signals
are represented as they might be seen on the face of an oscil-
..loscope through a fraction of a second. Votlce t%at fo; each
Shannel, two voltages are possible. (AlthouOh Oﬁana 5 veolts
.are used, in pract1ce.a technician wiil encounter many yolt-
.ages that may be used to communlca ‘e the binarv statés of 0

or 1, on or off, high or low, true or false).. '
) ‘ . - : . "
. : ) .

)
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. ’ LEADING

| LEVEL SIGNALS S
" FOR 1,0, 1, 1.0

AT 11-5

- - -
*

P, EDGE XTRMUNG EDGE

PULSE SIGNALS °
FOR 1.0, 1. 1, Q

_—— - —

— - —. -

AT 11-5 0 - :
CLOCK. AN e - - T -
OR REFERENCE,
~ PULSES 0 s - - i i S -
) . u t2 t3 14 ts: TIME °
- »
Figure 1. Two Channels Communicating Digital
LT A Information By Level or Pulse Signals,
: Against a Reference or Clock Signal.
- .

It is helpful to imagine each clock period def{ﬁing a

window during which information is communicated

either by a

pulse or by maintaining-a level voltage during the clock pe-

riod. S

buses.

I

Clock control signals can occur on single or multlple‘

Multiple timirig information may be generated from a

single clogk source and then communicated over a single line
by a device called a phase splitter

In éigure-z,.a clo;k signal is represented as line T.
Notice that changes in voltage occur over a short (non- 1ﬁme-

diate) period of t1me, resultlng in a more diagonal waveform
as opposed to-the square waveform. Figure Z,

shows the clock
A and B.

line as two phased clock lines

Page 10/MH-01




CLOCK TB
LINET —>

Figure 2. Twe Phased Clock Lines Generated
By a Single Clock Signal.

ot

By ut11121n0 deV1ces sensitive to specific voltage lev-
els, called threshold Voltaoes the signals on lines A and B.
- may be produced Slonals on line A are high, or 1, when the
clock voltage level is above the level 1nd1cated by line TA.
Slcnals on line A are low, or 0, when the clock voltage level
'is below the level- indicated by line TA.. - N
Line B, however, is high when the clock Voltaoe level (s’
below the threshold level indicated by the line TB, and low
when the clock voltage is above the level 1nd1cated by the
line TB. - ‘ ) ‘ ’
- Notice that the two signals produced are mutually exclu-

~

sive, in that signals are never high at the same time. In

T fact, there is a brief period of time when 'neither line\is -

high. _This delay can be useful in° screening undesirable vari-
ations 1n the propagation charac€ér1st1cs of clocL signals,
¢alled ClOch skew.‘ . o '

The term clock ”cycleﬁxrefers to a defined repetition

rate of continuous, consistent clock signals. and is a “impor-

L

—
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"divided into 8 clock periods per cycle.

8

tant measure of the internal speed of a Computer Frequency
defines the number of cycles per second and 1is measured in
Hertz. . .o
"Other types of buses used by the Computer are the ad-
dress bus, normally a unidirectional channel upon which sig-
nals flow in one direction; and the data bus, normally a bi-

directional channel carrying information to and from the conr

-trol unit.

Numbers may be transmitted witﬁin_the computer, either

sequentially or in pataliel. For éxample ‘to communicate a

byte (8 bits) of information sequentially, a clock cycle is '

Each bit is trans-
mitted in order beginning with the Least Significant Bit
(LSB)* and ending with the Most Significant Bit (MSB).

municate the same byte of information in parallel, eight sep-=

To com-

arate circuits are required.

Although this is more expensive

in terms of circuits,

the ‘'same byte can be transmitted in one

‘ ‘a _digital computer system.

clock pulse, or eight times faster than the sequentiar method
Vext,,informatlon on the speC1f1C logic networks used to

Communicate 1nformation will be .introduged. ThevfunCtions of
fﬁese ‘networks have not changéd significantly since the earli-
est computers, though the électronic components used to con-
struct these networks have Changed dramatfzaii;—’ This module
w111 deal with these logic networks and their function’ within
The next module will deal w1th
the e1ectron1c components W1th1n each network

4 LleC used in this module is commonly Called positive
true .logic, because the most positive voltages_. in the examples

eited’ represent the logic value 1, or true. Logtc 0 corre-

sponds_to‘the 0, negativé, or least positive voltage.




& " : *
- ! o
:

There is also a system of negative true logic which as-
signs logic 1 to the least p051t1ve 0, or negative voltage.
This system has advantages with some devices (from an engi-
neering viewpoint, in order to opt1m1"e electrical perfor- . .o
mance), but ‘such 1nformat10n 11es outside the scope of this
module, )

GATES

Digital signals are generated and used by logic cir-
cuits - which are actually electrical switches, diodes, re-
sistors, or transistors — arranged in a configuration that ’
allows them to represent logical conditions.

o Spec1f1c electtonic components ‘for each logic network -
will not be' detaile#d because there are many possible combina- ‘

t10ns -and components that will, achleve ‘outputs with the de-

sired logic values. Each gate will have its own-ZYogic symbol ‘
representlnc discrete components* which will 1nd1cate func-

. A
tion only. g : - b . - ]
— . These devices are called gates, due to the1r ;iEFrOIIIHC
v functidn. Gates allow only certain. types of 510na to pass
through ,the dev1ce while blocklnc others. , ’
. Initially, we w;ll look at five simple — but imbortant -
. logic¢ functions: AND, OR, NOT, NAND. 'and NOR. Eack will be
. dlscussed separately. . N -
A .
~ ~ .
L) * . ' i
‘4 r - s ‘ P ‘
» . I
. ¢ ' , (%
) |
: . . |
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The AND Gate ’ - ’
‘'Figure 3 shows the symbolic
»—
- representation of a 2-input AND
o
gate. When both inputs enter-
ing the AND gate are 1, the out- ~
Figure 3. "~ Logic Symbol put is 1. (For the rpfainder
for th? AND Gate. of this module, the tefms 0 and

1 will be used to indjcate bi-
nary states, and should not be confused with actual voltages).
> If either ofgfhe_lnputs is 0, the output from the device will
be 0. '

In Figure 4, the AND gate is represented as a series of
two switches. If either switch is open,. electricity will not
pass through the series of switches; therefore, the AND gate's
output will be 0. If both switches are closed,,electficity
will pass through the ser{es and the AND gate output will be

1.

~ [

(0} ey (0)
—_— o< ' o0— -
tn ' t1) . .
<
Figure 4. Series of Sw1tches Representing A
ai AND Gate.
¥ ~ ) P

7

fuﬁ mhltiple-input AND gate functions in a similar fashion:
aly'zyguts must represent 1 for the output of the system to
reﬁr sent 1. -Although the first sample logic gate is simple;,
it is helpful at this point to ‘demonstrate the construcfion

of a truth table (Figure b) to summarize the Consequences of
: 1 N

\

PN

¢
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AT INPUT A | INPUT B | oUTPUT Coe

e T Y Lo o | o L

1 0 . o ;
‘ 0 1 0 |
‘ ' 1 1, a "

A

e

Figure 5. " Truth :Table Deplctlng
All P0551b1e Input/Output Combi -
natlons of . a 2-Input AND Gate

all possible ¢sinput conditions. Although there are only four
possible conditions in a 2-input AND gate, these tables can
be helpful in more complex gltuatlons

if any inputs to an OR gate (Flguré'6) ari 1, the out-
put is 1. . a . K

AL
. ¢

\
*
.

. . . Flogre Logic_ Symbol for L <. .
’ ‘.. Tt the OR Gate. * d :

L4

. . »
- ThlS can be represented by a series of switches in. par-

- allel so that if any switch is closed (representlng 1), elec-
tricity will flow. tﬁrouon the system and its output wil} be’
“1. This is shown Hn Figure 7.

() . .
>—————<>——<77:r<} < v
‘
‘ Aoy | '
‘ (1) Oo—
g Figure 7. 53-Input OR ‘Gate Depicted As . A

3 Sw1tches Connected, in Parallel.
‘ 1 L

LY

P

h
i
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.Figﬁrp‘S shows. the trptg-table’for a 2-input OR gate. -

_ INPUT ‘A | INPUT B | ouTPUT
C : - 0 0 0
‘ N 0 . 1
0 , 1 = 1 X
. 1 1 1

© .

Figuré 8. Truth Tatble
for 'a 2-Input OR Gate. ' N

. The logic symbol and truth table for a digital-inverter
(or NOT gate) are shown in Figure 9.

0

Flgure 9. Loé?c Symbol and Truth Table
fur a D1g1ta1 Inverter -

The small circle at the rloﬁt_501“f'of'the triangle, in
the log;c symbol in Flgure 9.is sometimes called an ihversion
bubble, and'is- the’ part of - the 1¢ggic symbol indicating the -
inversion functiony Without the inversion bubble, the trian-
gle would §ymbé§ize the identify funétion, répresehting cir-
cuit?y that amplifies, isolates, and-restoges'siénél qualitf.
However, w1th the inversion bubble, output from an 1nVerter
has the opp051te Jor inverse, value of the input.

. ~The ;nver51on bubble will .also appear *in the- 10g1c SVm-
bols of thg next two dev1§es the_&AVD and NOR gates.

‘e .
. - . >



g . - el .
7 - s L . Y
Né \ "; . o 0'. !;‘ . R
- * < Q 79 .
) . L. ‘ ) aq@ “é A - ;. -
. The NAND Bate'~-« = c o . ¢
I? o ’ . o . . . .
‘ . " If any 1nput to a NAND gate is' 0, the output is 1. 1If
J all the inputs to a NAND cate are 1; then the output is’'0. . .*

It is sometimes heipful todghlnk of the loglcai\functlon o£4
this device by the words NOT AND,(ln other words, the 1nwerse.i }
or opposite logic state of‘the output of the" AND gate, Notlce ¢
the 51m11ar1ty in- the logic symbol for the AND and NAVD cates '
with the additign of the invemdion bubble to the AND symbol u
1nd1cat1ng the 1nvert1ng functlon '
The 1logic symbgl and truth tablg for a two- 1nput NAVD
gate are pictured in Flgure 10. Notice that the result is .
the inverse, or ppp051te, of the tfuth table for the AND |gate. 'ﬁig\\ "
. g ALY L

T ' .r - ’fmpur A- | veuT B | outdur \
' *0 .0~ 1: e
P 1 .0 . 1 , o,
0 1. | 1 ”
. - <1 17 - .0 .
* e - ‘ ) -

Figure'lp Loglc Symbol;and Truth TabTe
_for a 2-Input NAND Gate

~ ) . .
N ’
B . . . , N - .
v P o .
b ) * 4 : . . . P . %
N . . '& “
- A . « 'Y .

. The NOR Gate : L, ’ .,
.‘{\ * i . v i )
i~ If the inputs to a NOR gate are Q, ?he outﬁht is 1. If
any of the inputs are 1, the output is 0. The relatlonshlp - .

of.the OR and NOR gates ‘is sxmllar td“thét of “the AND ang\

NAND gates, in that the outputs are exactl» Opposite as, thed
in the truth tables.. Thes lodic swmbol and “truth table for a’
5- 1npu% \OR gate are pictured in Floure 11 Coa

1 k‘ - - ;; . . ‘ . - R ‘ i " 2
. C { S " MH-01/Page 17
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INPUT A INPUT B INPUT C § OUTPUT
¢ 0 0 - Y

—l=lel~lecl~{e

L Bl Bad K=) B2 =2 =2
5

ccc,c?cc'n

1~~~ ieol-

fo \ Figure 11. Logic Symbol and Truth Table
- for a 3-Input NOR Gate,

ad [y

From the abbve\ddscus§£on, tﬁe'fbllowing conclusions may
- "be drawn: . T B
S The only’ condltlon that will allow ‘the output of an AND
. .  -gate, Tegardless of the number of.inputs, to be 1, is
if the value of all inputs™is 1. 1In all other condi-
. - - o ‘tions, ‘its output-is 0. '
2. The only "condition that will allow the olUtput of an OR
Cy S gate, regardless-of the number of inputs, to be 0, is
. ' if the value of all inputs is 0. In all other condi-
tions, its outbut is 1. | . ‘

v )

<

3. .The only condition that will allow the _output of a NAND 1
" gate, regardiess of the number of rnputs, o be 0, is if. '
. . the value of all-inputs is 1. In all cher conditions,‘
. ) its output is 1. - o~ ‘fm . ~—
S 4, The only condition that Y/ll allow the output of a NOR

. oate, regardless of the number of inputs, to be 1, is

o2

if the value of all inputs is 0. In all other condi-
P e
C . . .tiops, its output is 0. " \ s ,

A N . "
~ -~ -

[}

&
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‘These conclusions summarize data. presented to this point,
and reflect logic conditions wherein only one prec1se cond1-
tion changed the output from what 1t would be in any other
case. . ‘

Outputs from the next logic dev1cqs to be presented ré-
spond in a dlfferent manner, 1nd1cat1ng one state when their
inputs are the same, and indicating the other state when
their 1nputs are different. v . N

”
\ ...

EXCLUSIVE AND NON-EXCLUSIVE OR GATES - ;
. - )
Some light sources in re51dences are controlled by two
wall switches that functlon in the fOIIOW1ng manner: if both
11 SW1tches are up, or if both sW1tches are down, the light
~1s on; 1f either switch is up, and the other down, the light -
“is off. This circuit functions like a NON-EXCLUSIVE OR gate,
and is also called the excluS1ve NOR gate.
This C1rcu1t can be fashloned by UtlllZlng an AND, O <f
and NOR ‘gate connected as. shown in Figure 12, beside the(R“

" truth table for a NON EXCLUSIVE OR gate
| :

A >—

INPUT INPUT? { OUTPUT
0 .0 1

1 0 0
0 1 0
1 1 1

Figure. 12. Diagram of L001c \ethork Composing a
NON- E\CLUSIVE OR Gate, with its Corresnondln Trath Table.

-




g8

-

A >— . - o INPUT | INPUT | .-OUTPUT
) : 0 s 0, 0
1 0 1
3 " - 0 1 1
. . . . [} / -
5 ] o 1", 1 0

‘

‘An "EXCLUSIVE OR gate functions exactly the opposite. If
both 11ght sw1tches in the' residence were -up, or if they Jere

both down, the llght would he off; if either switch were up,"’
and the other were dgzh, the light would be on. The EXCLUSI
OR can be made from an AND gate and two NOR gates, as depict
in Figure 13+beside its truth téble..

rlgure 13.- Logic Network and Truth Table
for an EXCL%ST¥E\Q§ Gate. '

¢

To summarize,. a VON EXCLUSIVE OR gate indicates a 1 at

-

.output when its 1nputs are the same, a 0 when they are dif-

ferent. An EXCLUSIVE ‘ORvgate indicates 0 at output when its
inputs are the.éame,}a 1 when they are-different.
‘ The logic symbols for these devices are shdwn in Figure

.14, Do not confuse the logic symbol for a NON-EXCLUSIVE OR

Page 20/MH-01
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gate with the 10g1c symbol for a NOR gate. - T

N »

A ——

! Figure -14. Logic Svmbols for EXCLYSIV Dt
. ‘ and- NON- EYCLUSIVE OR Gates. R
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Logic networks utilizing'these basic gates may b
b1ned(;n many different ways to produce results that

desire truth table. Often there is mQre than one solution

— ‘?to the. design aspect 15 of-a lo: logic network ‘but mostﬁﬁfteh the% ' ~
design using the fewest number of gates is the mos,t pigctlcal y
[ . ? v -

A

~

~ Y
T~ ADDITION/SUBTRACTION CIRC%}$R¥f//\\\¢

By %omblnlng the\féﬂe simple logic circuits, the AND

-7 4

OR, NOT, NAND, and NOR gates, the logic network now exists

- . ' .

for the7next ~ and Very important — step in the capability T

:;,f' of a digital computer. This step is the computer's ab111ty

to add, subtract, multiply, and divide numbers )

The main. functional element of a digital computer is

called an a@der ‘and it comes in twpo ba51c types: he par- -
q}lel adder, which will be introduced flrst and th¥ Serial

adder, which will be dlscussed after our 1ntroductlon to reg-

,lster circuitry. :
! At this point, the student. should recall from the first
course in: Mlcrocomputef Opérations *the alscu551on on the bi-

nary number system and the addition and subtractlon of blnary

numbers. ' ) - p A
. Subtraémlon, multlpllcatlon, and division are all modifi-

+ cations of bﬁmary arithmetic. In two' S, complement arithmetic, .
subtractlon\lé achleved‘by complementln0 or inverting (chang-

~ing 0s to 1s and 1s to 0s), the nupber and addlno binary 1.

.* Multiplication and division are accomplished by sh1tt1ng a
number left or right, similar to. the way in which the mul*v-

s - plication or division of a base IO number by 10 is accen-

‘plished by moving the decimal p01nt t&.the left or right. . .

. , A

. . L
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Parallel adders are mu faster than serial adders, pro- ~
viding an answer at almogt (&éw§ame instant that input Sigf\‘
nals arrive. But a, very shdrt length of time is required for
“ the carry signal to ripple down through the adder circuitry.
As a result, the parallel adder is sometimes called the rip-
ple ‘carry adder. o B
If any two numbers, expressed in their binary (hex)
forms, were to be aqaed together, one would first look at
" adding tge two\léast significéhg B}ts (LSB) of each number-,'w
to which there would be fogr*possi?le conditions, as indi- .

cated in Figure 15. . A , ‘
' L
/) 4 .
0 : i 0 1 ‘
*0_ 20_ +1 o '

—_—— L]

0 (carry 0) 1 (carry 0) 1 (earry 9)' 0 (carry 1)

-

%-Figure 15. Four Possible Conditions of.Adding Two LSBs.

-

P

e If a truth table were to be constructed for just this

lmuch of our addltlon problem, it would contain two 1nputs

3- ". (one for each LSB) and two outputs (sum plus carry 1nforma-
' . tion)" »The truth table in Figure 16 below reveals that a e
~ . carry condition exists only when both inpﬁts are 1.
, . : INPUT INPUT CARRY OUTPUT SUM ,OUTPUT .
' 0 0 0 ’ 0 -
- 1 , 0 0 1
¢ ) 1 0 1
- 1 1 1 0

Figure 16. Truth Table Indicating Four
p0551b1e Conditions of Adding Two' LSBS.. ’

~ . b ‘
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The truth table for the éarry portion of this addition
is identical to the truth EiPle for a 2-input AND gate. The .
truth table for the sum portlon of this addition is identical .
to the truth table for a 2- input EXCLUSIVE OR gate. Not sur-
prlslngly, it is exactly these two gates that can comprise
“sthe half .adder. ' | -
Actually, there are several combinations of logic net-
, works that 'will result in the above logic results. Figure ‘

17 shgws a 1og1c dlagram for a half adder utilizing AND'and

* - (=]

A——

! >
NEUT A CARRY

. - | e
& INPUTB>

Figure 17. Log1c Diagram of Half Adder,
' Utilizing AND and NOR Gates.
- \

v -
v

Wheh the next two bits to the left in the binary number
- being added are summed, the carry information from the addi-

tion of the LSBs must be taken into account. Thug,\the next
addition will have 3 inputs, but once again, only i possible
outputs A 3-input, 2-outpu¥TTogic network may be fdrmed
from two half-adders and an OR{Oate, and is termed a '"full-
adder." .

Rather than showing the full adder as a netwofé??f logic
gates, the block diagram in Figure 18 summarizes the pfinci-
pleé being utilized in adder networks. This same logic can

multiple-bit numbers together.

/ | .

« v )

//// be extended to form adder circuitry with the abilitv to add

(§9)
(93]
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NEXT SIGNIFICANT BIT NEXT SIGNIFICANT BIT LEAST SIGNIFICANT BIT

A A LA

+

8T CARRY BT CARRY éT
R L 1y
FULL ' FoLL | 1;LF
ADDER ADDER ACGDER
\.F - * Q
CARRY 'SUM . ‘ SUM - SUM

Figure 18. Block Diagram Showing How
Adder Networks are Constructed. -

DECODERS
Decoders use combinational logic to select a memofﬁ ad--
dress or an I/0 device. The decoding logic network enabies
i a mulf;ple number-of addresses to be accessed by a few lines.
For example, two lines will access four. addresses, because
there are four possible binary combinations thag\can be com-
municated by two lineéy By 'using only 4 AND gates and 2'IN-
VERTERS, it is pos$ibl

four locations through

to devise a network that will access

wo input lines. Three lines will ac-

. . cess eight locations, and so on.

MULTIPLEXERS ' o .

nected to only one input, again through a network of the ‘

Basically, a multipléxer enables many outputs to be con-

© [y
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basic log1c gates, by selectlng whlch output w111 pass through

‘the network and into the input. . ) .

-4

FLIP-FLOPS,

Logic gates and adder circuitry are the -simplest devicesq
utilized by a digital computer to process signals by means
of logic networks. The devices described to this point have
been dependant on one or several inputs registering a binary
state by means of a voltage (or absence of a voltage) that !
azeﬁgeipépgful only while these input voltage conditions are:
present. This is called combinational logic.

- The concept of time, as introduced in .the discussion of
digital signals, requlres sequential logic, implying the con-
cept of storage of a 51gnal througlf time. -

Another type of logic devlce, called a flip-flop, enables
the computer to store a signal for an extended time. These
devices are the basic bulldlng blocks for memory reg1$ters
shift reglsters, and’ counters.

Although -the ab111ty to hold a CODdlt’OD through time in
effect slows down the operation of a compbfer, this character-
istic is necessary for‘the synchronlzatlon of 51gnals As
-signals are routed and altered within the computer system,
they must sometimes ‘be ‘held in’ a partlculaL location within
the system until other signals necessary for certain opera--
tions arriﬁéﬁ' _ :

The mpéf.important characteristic of a flip-flop is that
it tends to.remain,stab}e in one of only two conditions at
anv ‘given time. For this reasen, a flip-flop is sometimes. N
called a bistable multivibrator. : ,

30

MH-01/Page 25




~~——/?lopped) by input pulses.

*\\J

\

The Set-Reset Flip-Flop
Y . > . z T )
A simple set-reset flip-flop may be constructed by
cross-coupling one of the inputs of two NAND gates to the
outputs of each other;'gg shown in Figure 19, along with the
truth table for this.device. )

’ .Notice that the inputs are labeled '"s'" for set and "r"
for reset, while the outputs are labeled "a" and "b." The
logic values 1 and 0 are normally present at the outputs "av

and "b," and their positions are normally reversed (flip-

$
-

S (SET)

A S R 1 0
10 0 NO CHANGE |.
1 0 L -0 .
0 1 0 1
1 1 NOT USED
“ B

R (RESET)—

&

Figure 19. Diagram and Truth Table for a
Crossed NOR Flip-Flop.

-

The following is a detailed description of the logic in-
volved in a flip-flop circuit, and‘thé student is urged to
have a clear understanding of the concepts involved in this
device befgfe proceeding to new material, as many of. the de- .
vices studied im this course revolve around this basic cir-
cuit. .

Assume for the-moment that the logic value 1 is~present it
at the inputs labeled "s" and "r" in- Figure 19. If either
output "a'' or "b'" is also at logic value L,dthen théiopposite

%

P
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:output must register loglc 0. 1In actuality, "b" will always
be the inverse of 'a," and "a"’will always be the opposite
logic value of "b." ’

o Fur\etample, if output "a" was 1 and input "s'" was 1,
then“the other input to NAND gate 1 must be a 0; otherw1se,

output "a'" could not logic 1. (If needed, consult the truth

table Tequirements for a 2-input NAND gate.) As shown in’
Figure 18, the value on this input to NAND gate 1 is identi-
cal to autput "b"; therefore, "b" must also have logic value
\0. Furthermore, if "a" is 1, then both 1nputs to NAND gate
2 are 1 (remember vt is assumeﬁ 1 for the moment) and again
output mh™is 0, as was’predlcted . 5 .
On ®he other hand, if output "b'" was 1, and input "r"
1, then the other input to NAND gate 2 must be 0. If it
0, then it follows that "a" is also P. -

By e@nvention, the state of the .flip-flop is indicated
by the.logic value at gufgi: "a."- If "ay is 1, the flip-flop

is said to be "set" or at logic 1; if "a'" is 0, the flip-flop
is‘%aid to be '"reset" or at logic 0. Labeling the inputs '"s"
and hrﬁ for a set-reset flip-flop is fairly standard. Stu-
dents will encounter dlfferent variables used®to. indicate the
. outputs, such as X or Q for " ,'" but since the value at the
opposite output is the inverse, oppesite, and complement of
the value at "a," the "NOT bar" Krom Boolean algebra will be
drawn over the variable used for output, "b, " as in X or A.
Goino back to the above description, assume that both
“s"and "r" are still at logic 1, while "a'" is 1 and '"b" is
0 (the "set'" state). If a 0 ‘pulse occurs momentarily at ”r,”
then the inputs to NAND'gate 2 become 0 and 1, and the output
"b" goes from 0 to 1. When this occurs, output "a'" goes to
.0, .€ox-the reasons outlined above. Therefore, 24 0 pulee mo -

"N
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mentarily at "r' has reset the device. Notice that if the

momentary 0 pglse had ocgurred at "s" instead of '"r," nothing

would have happened. This would have been a signal to the
device to go the set state, but it already was in the set
state, and would have remained so.
. f - Therefore, the following conclusions can be drawn con-
cerning a flip-flop. The flip-flop has only 2 possigTE/sta-
ble states: when one of the outputs is 0, the other is 1,

and vice-versa. Once the device has been set, it will remain |

~ in that condition until it receives.a. sitnal to go to the

" reset state Once reset, the device will remain so until it
‘receives a signal to go to the set state. A flip;flop is
also called a latch. .

The memory properties of a flip-flop circuit are appar-
ent from the above discussion, but the device is not without
its faults. If 0 were to occur on both "s" and "r' at the
same time, the state reflected by the flip-flop _should remain

- unchanged. If 1 occurs on both inputs "s"-and "r' at the\

: . " same timé, the'result would be indeterminable. Since the
goal of the design of the flip-flop is .to be able to store
two and only two determinable states from one or more inputs,
the f0110w1ng discussion will show how the addition of extra
gates or multiple flip-flops will form logic networks that,
have the desired characteristics. ,

This is an important point, because desired characteris-
tics change from computer design totcémputer design and ap-
ﬁiicatdon to application. Certain logic devices are more
Suitable in :‘certain situations. Hewever, both the fungtioﬁ

///;f logic devices and the hardware that composes them are
radaptable to the specifications of the designer.

Page® 28/MH-01 ’ 7
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The Trigger Flip-Flop \

L .v In the set-reset device described above, a set’ impulse
(once the flip-flop has already been set) will result in-no
change. « L1kew1se a reset pulse, once the flip- flop has been ‘
reset, will result in no chang The addition of a third 1n- .
.. but, labeled "t"'in Lhﬁ_hlggk_kxmhal_fan.a ‘trigger flip- flop&f‘

in Figure 20, will .add a new ca ability. A trigger pulse (in

other words, a pulse on the inpyt labeled "t”) will change a

flip-flop to the other state, relgardless of the state it is

in at the time the_pulse is recejved. Thu;,/fﬁ"‘foglcalxcon-
sequence of a tr1goer pulse is to 1nvert the valug stored 1n\
the flip-flop. . . :
3 8 P
p R b A , . . .
‘ . R — " * e
‘ : . .
B .
D , "

Figure 2Q. Bleck Symbol for a
TriggeryFlipsFlop.

) . [
b, ] \
.

. A trigger flip-flop can Qki t without a set,/reset capa- _ ..
bility. This device is also called a toggle, and simply alter-
nates the logic values 1 and 0 aft the outputs '"a'" and "b."

'

The Master-Slave Flip-Flop

»

To avoid the use of capacitors, which are not easily
adaptable to modern miniaturized electronic components, a

7
~

-
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L , s ) 3

s trigger flip-flop is placed ahead of 2 Erossed NOR flip-flop
to store (through a short perlod of time) the 1nput voltages

that are applied to the crossed-NOR (or set- reset flip-flop)
._C1rcu1t ) . .

-~ ' a

These additions help to,preservé the critical timing "tol-
¢rances, coordlnated by the master clock pulses, *that enable
a computer to perform its tasks~w1th a hlgher degree of preci-

¢+

sion. - ’ & .
Computers are equipped with safety devites to-check se-
Fial parlty, a method of deteqtlng the loss or’ addition of a
drgltal pulse in a series of bits that make up a word.
! Brlefly, 2his can - be accompllshed by constructing ‘a sim-* -
pte logic device containing trigger fllp-flops and AND gates. ‘
If each one-bit pulse con the data line toggles a trlgger flip-
® flop on.and off and the total number of bits in the.word is
an even number, the number of toggle pulses should be even.
Therefore, the flip- flop will be in théhreset stateé at the
end of a word. If the number of toggles pulses is odd, the
flip-flop will be\1n the 1.5tate thereby indicating serial

parity check.

The Steesable Flip-Flop (J-K) . °
.o \ ‘ “

In someslogic'situations, a flip-flop circuit might be .
logically dependent on itself,.requiring the computer to sense
the status of the flip-flop circuit prior to altering its con-
tents. In such sifuations, oscillations might occur that j
cause ‘the. flip- flop to cﬁange states constantly .during a sin-

J 01e clock per10d It would not pe possible to predies which
snate the flip-flop would be .in at ‘the end of that period.

o/ ' L

P - - - - - A
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:, I. - ' .
The flip- flop c1rcu1ts Zescrlbed so.far have the ab111ty

‘\w\

to respond to set and reset ulses, and to invert upon re-

“. - ceiving a‘trigger’ pulse . These devices . de not hav{ the abil-

ity .to indicate 1 at the '"a" éy~£ut by changing the state‘of
the “flip- £10p, if- need be, or by ieav1ng it alone "if it al-
_ready. 1nd1cgtes the d851Ted output - This capability can re-
" sult by utgflzlng a 3- 1nput AND ‘gate to control the mast
flip-flop. The inputs to an,AND gate ut1112ed for thlS g;:-
cial purpose are customarily labeled “J" and "K" (the thlrd
input. is a clock- pulse) These circuits are sometimes called
J-K f11p flops. - ) RS

D-Type Flip-Flops?
. ) | | ) |
A D-type flip-flop has the most simple relationship be-

tween the state it willpassumé and its input - When ed
by the clock 11ne, a D-type fllp‘flop will take on the vald

appearlng-upgn its input line.

4 ~ C e
o ° .

‘Register . : . ) .
N

As mentioned\earlier, mic}oprbcessors process digital
-words (varying in lpngth from machine to machine, but not
within a micfoprecessor) that are processed in parallel,
rather than in series. ' . ;* ! .

There are many types of re01ster networks. Some have
only information storage capab111ty Others, like 'shift reg-
isters, not only store 1nformat10n byt pass information to

the rlont or left. .Figure 21. plctures a simple shift reglster
”
A : - ’

o v
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that shows the effect input has on-the various putput lines-

as it is shiffed‘through time.

‘ . Qg Q, Q, Q, .
‘ INPUT DA l D A-L-D_K L D A - y ’
[—C 8 rc B {-9 B ‘—C’B |
: cLocK — : ’

INPUT J;% '
' . Qg — T :
. Q, B ey W .
' Qz — ' i
Q Qq MR ey I
.. Figuré 21. A Simple Shift Register -

aﬂ?.its Outputs Through Time.

Counters

Another type of réglster 15*ca11ed the ‘Counting reglster
or simply counter. J-K flip-flops: are ea511y,adapted tp
divide-by-two- use, in yhich thefgutput frequency is exactly
half that of the input frequency to the networkw Flgure 22
illustrates a network of three J-K f11p flops that form a’sim-
ple three- stage counter. This dlagram clearly illustrates
the 1ncrement function of a counter’, as each time period .

counts up in binary code. ~ Counters may also be constructed

e

to decrement, or count down. :

Notice that each rate of change is half the rate of the .

previous time period (denoted T: — T;,abové). The table sum-
— « 1)
L - ’ °
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Qw-ww000a|gt
O ~w=00-=o003
.
Q-o0-0~o=-o|sf

Figure 22. Divide-By- Two Counter Using
Three Connected J-K Flip-Flops-.

o -

marizes - the outputs on Ty — Ty at each count period. Notice

that the result is the b1nary equlvalents of the. dec1m~}/num~
“bers 1-7,

Buffers ) “ .
.‘ ! , !

The term’ "buffer" indicates a specific ‘type of memory

dev1ce that functions as a temporary holding tank for infor- -
matlon It is~required because of the substant1a1 difference
in the rate at which an input dev1ce feeds. information that
1s “to be processed into the computer compared to the h1gh
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Above ﬁhe clock pulse lineEdepicted«below, draw a wave~r

form that iltustrates:

a¢ The Binafy number 100110 as a
signals. Y T

b. . The binary number 010111 as a

* " signals.

natt

4
series of level

series of pulse

« - f "‘ {
+5 ) - ) ’ . 3
0 ‘ ’ -
mnooo .
'+s < » Id
° \
0 . ’ ' ’
. . ’ *’ - S
+5 N : ’
~ ',\: [ N . ~
A R v
2. Develop a truth table for the logic network shown below: .
R : L . A *IB,*|c #|D s K
- 1
¢ 0 fo fo '
1 0 0
0 1 o
: 0o-.{o |1
S IR PR -
oo 1 a1 ,
1 0. {1 .
ST 1 |1 11
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3. Deveigg/g logic ne@work'for the truth- table-shown below:

o A #8 *lc 4D
. 0 |0 j0 }oO
) 1. Jo Jo.}o ,
~ e 0o 11 lo Jo
‘ i 0 fo J1 1
~ 1 1 0 1
) . ’ o/l hh Iz
X ‘ 1 jo 1 1
» (Draw logic network here.) 1 1 1 AN N ~
3 -
4. In the module, the fﬁnctions of the AND and OR‘gatess

<+

cos were‘explained by using a simple diagram of switches in
an electrical circuit, whose open and closed condjtions
matched thosg of the logic condition required for those
gates. ‘Using the beglnnlng provided below, develop a

- ' dlagram depidting the EXCLUSIVE™QR and EXCLUSIV&,NOR
gates as switches in a circuit. . .
Oo—0
.—_—-r—o o— . . O—
. O———0 o0 .
- LAMR coe LAMP
3 AC "
- J
. EXCLUSIVE OR ,  EXCLUSIVE NOR
‘. 3 .
) ._& o '
, v
] . L s p] . "\ . . - - - - - -
g Page 36/MH-C1 ‘ 40
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5. Show the conditions of each input and output of a full
adder circuif‘during the addition of the following bi-
nary numbers: 00101, 01011.

y y y
FULL FULL FULL FULL ‘HALF
ADDEfi ADDER ADDER ADDER ‘| ADDER |
—— .
CARRY CARRM CARRY CARRY CARRY
- R \\
e T i
SUM . SuM . SuM__ SUM SUM

LABORATORY MATERIALS

Power: +5 volts at 1 amp and +12 volts at 0.1 amp
KIM-1 Microcomputer '
. ICs: 7400 Quad 2-input positive NAND gate,

7402 . Quad 2-input positive NOR gate. -
' ‘74049 Hex inverter. - -

i 7405 Hex inverter, open tollector. ® .

7474, Dugl D-type positive eage-triggered flip-flop i N .

with preset and clear. =~ s Q
™ 74161 Binary counter, synchronous, preset input
¢ (asynchronous clear),.

< "74123_ Quad gated buffer-tﬁreé state. : " . .

7485 J4-bit magnitude comparitor, separate A-B output.

l

- 2 v
P - Nt R4 E]
} . (‘ , .
| 3 - :

‘“‘ . - 7 : '. " ‘ WH{ﬁl/Page 57 -
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LABORATORY PROCEDURES

PROCEDURE 1

First, examine the operation‘df these ICs by applying
the specified voltages to the inputs of one of the gates and
teétinggthe output with a VOM. If needed, chart the outputs
of the various input combinations to prove that they agree
with thg truth tables studied. The schematic and specifica-
~tions fgr each chip will be lis¥ed on the package. Should
any.of the ICs not function \Iiy{\use them as question-
able ICs to test on the KIM.

~ .

PROCEDURE 2

‘

Refer to the manual on Microcomputer Operat}ons, Module
1, for instructions to set up the KIM-1 microcomputer.

S,

A
4

Next, utilize the IC test program provided on the cas-
sette)tape to check the ICs above.

To read a tape into the KIM:

1. Place 00 into address 0O0FL.

2. Place the ID number in addrqfs 17F9. The IC test

é<; program is ID #04.

3 Start executing at address 1873.

4." Advance the tape to the beginning of program 04.
Temgorarily disconnect'the lead from the tape re-
‘corder to the XIM so that the tape will be audible.

Listen for four distinct audio signals. These will

indicate the beginning of program 04. Re-connect the

lead from the output of t&e tape recorder to the
KIM. Turn the volume of the tape recorder to near

Page 38/MH-01
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maximum. Check tp make sure that you have 12
‘ ; volts connected to the KIM.

. 5. Start the tape reading. If four 0s appear, the
tape has. been successfully read. 1If four" Fs ap-
pear, or if nothing happens after a few minutes,
the tape has not been.properly read. &

. This pfogram can be used to compare a qgestionéble Ic
with one known to be functioning. To do this, the computer's
outputs are connected to the inputs of each IC, and IC's "~
outputs connected to the computer's inputs. When a goo& IC
is used, the micrécomputer learns how the IC operates by
running through all possible logical input values and storing

the resulting outputs from the IC. Then, if the good IC is

replaced by a questionable one and the stored values are com-
_Ppared to the output of the questionable IC, any discrepancy
\; indicates a faulty circuit.
- ————hLogate—the-I€ output pins fromthe schematic on the pack-
age and connect them in any order to lines in the computer
port B (PB). Locate the IC inputs and connect them to lines .
in port A (PA). Start execution at address 0200. The display
‘should be all zeros. . ’ G
Press* PC to have the KIM learn what outputs a good IC
should generate. Now substitue a questionable IC, making
sure that the outputs and inputs from the second IC corre-'
spond to those of the first, and press DA. A displéy of all .
zeros indicates a gooa IC.
If the IC isbbad, the' left pair of digits give the out-
put on PB. the center pair give the.actual‘outbut and the
right pair give the output recorded for the good IC. You must
also consider the possibility that the first IC whose opera-
tions was taken to be norma} could possibly have been faulty.

’

¢
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o TEST
1. Define the following terxms; o o ’

a. Leaéing edge. : ’ | .

g. Flip-flop.

C. Register.
R &. Buffer.

e. Program counter.

. foPrimary memory. - A
2. Identify the following abbreviations:
a. VDT :
b. TTL ‘
c. LSI . ‘
- d. CPU . '

Draw the loglc symbols for the fOllOWlng
a. The AND gate.

(92}

gﬂﬁ
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b.* The NOR gate.

c. The EXCLUSIVE-OR gate.
i

d. The NOT gate (INVERT).

4. " Explain the difference bhetween the INCLUSIVE, the
EXCLUSIVE and the NON-EXCLUSIVE OR gates.

-,

“

5. True or False:

a. The only condition that will allow the output of an
AND gate, regardless of the number of 1nppts, to be
0,.is if the value of any of the inputs 1s 1.

‘ b. ‘The table depicting the 4 possible condltlons result-

‘ ing from the addition of two binary corresponds to
the truth table of thé EXCLUSIVE OR gate.

Page 42/MH-01 k
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6. A simple set-reset fliﬁ-flop mEY/Be constructed by

cross-coupling the inputs:of 2: (circle correct answer)
“a. AND ¢ '
‘ b. OR h i
7 c. NOR
d. NAND gates. \\ -
7. In negative true logic, which of the following voltages

in each pair represents the true condition: (circle
correct answer)

al. +5 bl. -2 cl. 0
. az. 0 b2. -5 c2. -5 -
R
8. Why is parallel processingimofe desirable than serial
processing? ' - )
’
\ -
] . \
{ 1
“ 4 - _—_—
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INTRODUCTION

° -

é v
Many different components.are combined with a computer

to achieve digital logic. Since the 19705,'thes€ components
have been almost exclusivqu solid-state semiconductor de-
vices, normally found in largely-integrated configurations.
This.moddle reviéws'the characteristics of the most common
solid-state‘logic families, and p}ovide§\$ brief overview
gﬁisemiconductor electronics. c . .

_— . PREREQUISITES

b N E

The student should have completed Module MH-01, "Digital

Components."

s OBJECTIVES
P \
Upon completion of this module, the student should\%e
aéle to: . . ) . )
1. List the advantages Ehd-disadvantages associated with

the selection of a spécific semiconductor logic family -

i

«

with regard to a definéd application.

~

Recognize and identify the circuit symbols for solid-;

{

state devices. ~

(92}

Define the folléwin%yferms: »

N-type silicon. ' .
P-type silicon. " ) .

PN .junctio )

Diode transistor logic (DTL).
Transistor.

Mmoo A 0O O W

Bipolar.
¥

MH-02/Page 1
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g NN % £ < £ o u oA QO

g.
h.
i.
j.
k.
1.
m.
n.
o}

/

-

o
- o

H O Q. 0
H 0o Q0

gg!
<hh.
ii.
33
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Semiconductor.b y
Emitter.

Base. !
Collector. '

PNQ transistor. -,

NPN transistov.

Saturation.

Cutoff.

Conductivity.

Bpéakdown voltage:
Leakage™current. . ?
Maximum power dissipation.’ .

Sink load. N
Source  load.

Unit load..
Pull-up resistor.

Fan-out. | i l
y . '

.Fari<in.e . . A ) e

Schottky TTL.
Eﬁitter:toupleé‘Iogicf{EGL).

Integrated injection logic¢ (IIL or IZL).
M@xgedNtrénsistor.logic (MTL).

Metal ‘oxide semicQggzctor (MOS).. -

" Fiéld-effect transi or‘(ﬁET).

PMOS. &

NMOS.

. FgTﬂso TCe.

ﬁ@T dray

FET gate,




‘. ATOMIC MAKEUP OF SILICON CRYSTALS

™.

The solid-state revolution that occurred in. electronics \
durlng the late 1960s — and especially the 1970s — was \
based on silicon crystals and their use in integrated cir-
cuits. " '
Because the '‘world of semlconductor I;/gev1ces is small,

’ thlS discussion begins at the atom1c level, since basic \
' electr1c1ty is no more than the movement of electrons. \
) The nucleus of a silicon atom contains 14 protons,
. whose positive charge is negatgd, or offset,vby 14 n§§ative- » \
ly-charged electrons orbiting the nucleus at speeds approach-
ing the speed of light.: P ) ]
. Protons and electrons have opposite charges of equal
\//' strength When an atom contalns an equal number of protons

;-"’/‘“

R an@felecprqns, chargea cancel each other out, and the. atom “Tg\\J
is said to be electrically neutral. . s
"In any atom, the elgctrons that orbit the nucleus tend i
-, to group at specific distances from the nucleus. THese
orbits are called shells, and each shell has a tendency
Yo contaln a specific number of electrons. When the outer//'
orbit of'an atom is filled with this specific number of
electrons, the atém assumes a very stabie, balapced condi-
tion. At this point, it hecomes difficult to dislodge an
. electron from the atom. However, if a single.electron winds"®
up in the outer shell of an atom that prefers eight electrons
o im its outer shell, this loneNEEQEtron can be easily movéd
' from atom to atom. Since like charges repel, and opposite
charges attract, an eleftron flow can be set up”between

~ [ . . < - *
’ ’ - 3
4 -

L : 51 VH-02/Page 3.
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A;fllledujiswxﬁgglrem_nt for eight electrons 1

.

atoms having lone electrons. This flow is electricity.

If a moving electron encounters an atom with seven electrons
in an outer shell that requires eight, the electron is cap-
tured and becomes part of a stable atom.

Material§ composed of atoms with.lone electrons make
excellent electrical condictors. Stable atoms whose outer
shells are full make excellent insulator% against the flow,
of electricity. : / .

Of the 14 electrons, the 10 electrons in the lower

orbits of a silicon atom are %;iple. The remaining four

elec®rons, located in the outer’orbit, reside in a shell
that requires éight electrons to be stable.

If a group of silicon atoms is formed in such a way
that each atom shares one of its four outer electyons with
its neighbor (in return for one of its neighbor's outer
electrons), the resulting matrix is a stable co ditiog

By sharing electrons (Figure 1), the silicon

_its. outer

shell. Silicon atoms joined by bound, or s ared electrons
have crystalized. This silicon crystal is not a good con-

ductor of electricity. A representation of silicon crystal
is shown in Figure 1 below. (The inner circle in each atom in
Figure 1 represents the nucleus and 10 lower orbit electrons.)
- 1
— "
3 .
X F{gure 1. Shared

Outer Electrons of
Silicon Atom for a’
Crystal Lattice.
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If other materials are introduced into pure siliicon
when it is still)molten, a substance may be formed which -
has the desired electrical property.
-Phosphorous atoms have 15 protons in each nucleus,

and five electrons in their outer shell. 1f phoggﬁorous
atoms are introduced into molten silicon, they combine with
5111con ratoms to form silicon crystal 1ea§ing one ‘extra,
lone ‘electron looklng for a place to go. Since this new
material has extra negative charges, it is termed "N-type"
silicon. \The silicon crystal is now able to conduct celec-
tricity. . o h

Boron afdms have only threg electrons in each outer
shell, and when\combined with s111con, produce crystals
with a spot for one missing elecﬂron. These ‘holes are

very important in.solid-state electronics, as they are gen-

erally thought to flow in the apposite direction of electrons.

_."elﬁcirpns+.11_1s positivel d is termed "P-type') ___
\ silicon. " , \ -

[y

in the opposlte directign. A solid- statk senfic

diode may be constructed by placing a tlny chip of P-t
'silicon against a small chip of N-type silicon. Thé point

at v ich\thesé two regions meet is called\she PN junctioq)
;n‘Figure'?, a PN semiconductor diode is diagrammed beside
its electriual svmbol. Note that the arro& in. the électrical
svnbol for a dlode points in the direction QQDO\lt the

¥

- ~
.

¢
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.
. .
‘ .
0 .2 e *
PEEEN *77 B
. - - ) \ 2 7 .
* . - . . . . . he .
! A

electron flow. . In all diodes, the negative lead is also

called the cathode, while the positive lead is also caliled’
v

ég&'j | ) ‘ : P
T . 0 - ‘
S ~

ELECTRONS FLOW i

the .anode.-

O ©

® ©

s T B~ \ . .
. y ELECTRICAL
{N) (P s SYMBOL
NEGATIVE POSITIVE
FREE HOLES
ELECTRONS :

CATHODE . ANODE, -
o | O O | ® ® | o
A - . R s
- PN . - -
JUNCTION _
< . . hd w0, . . . .
- Figure y. Diagram and. Electrical Symbol

for a PN Diode.

* 4

. the negatively-charged electrons which make up that current
begin to._repel electrons in the N regieh‘towa%d the -PN junc-
tion. Since it is assumed that this is a closed circuit, -
current also drains from the P region of electronsv thereby
creatlng new holes This forces existing holeg toward the .
PN Junctlon, where they are filled by the abundant supply ')

( of electrons now ‘flowing toward the. PN junction W1th1n the
cufrent is flowing from .

the PN diode aiqiws current to flow.

in this module will refer

. N region. Im otRer words, when
cat%ﬂde to anode,
(Vote The term

to “electron” current and not

"current"

"conventional'" current, which

~

flows from positive to negative, unless notated as con- °

ventional current.)

]
J A \ -
b

’ : .
. Page 6/VH-02 . . - .
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If an electric current.enters the N region of the diode,
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When current is applied in the opposite direction,- .
*negative electrons are drawn away from the PN junction to- .
ward the cathode in the N reglon On the other side, elec-
trons are being sent into the P reglon, where they are plug-
ging holes. This action attracfs holes away from the PN .
Junctlon toward the anode.
Thus, the area close to the PN Junctlon:becomes like —
-pure silicon crystal which, as Yas statad before, is not -

Fokx

a—good—conductor ofelectricity. In #his manner, a'PN diode’
blocks tﬁé’flow of é}ectricity in one direction, while allow-
ing electricity to flow in_&he opposite direction.
Fighre 3 beldw illustrates how PN diodes may be used . v
to construct the AND and OR gates described in Module Mﬁ-Ol
PN diodes are requlred to 1solate situations where one 1nput
is high and the other is low. ’ Without PN'd1odes, electricity ~*
., would flow in one input and out the other — .in the QR gate,
for example. . ' ' ‘ -

0o—| 14

T

a. OR Gate v . b. AND Gate
’ o " i

.. Figure 3. Logic Gateé\Formed by Diodes.

Constructing logic gates with. diodes is rather Crude. =
Dicdes consumé‘powér without restoring anv signal. This
effect multiplies when many gates are interconnected, result-
«ing in deter1orat1ng >10na1 quality. The output from a

. . .

J L : MH-02/Page




diode logic gaté could be restored by attaching it to a
transistor, which can also serve as an invertef\to turn ..
the diode AND gate into.a NAND gate. with better output
quality. :

When diodes and tran51stors are used together to form
logic networks; the ‘process is commonly called diode tran-
sistor logic (DTL). However, transistors can perform the.
same logic functions as diode-based circuits, and transistor-

%

s ]
~transistor logic {TTL) is -the most widely-used-form of semi-
conductor bipolar device. The term "bipolar' refers to
semiconductors whose primary current flows through regions

made up of both positively and negatively-polarized materials.

The term "semiconductor' originates from the fact that these”

devices sometimes corduct — and sometimes block — the flow

-

of electricity.

®

N

" ;\ _ TRANSISTORS

\ . . . : y .
‘A transistor is an active electrical device which util-

s~ izes a control current to affect -the condition ofa control

area, called the base, that in turn goyverns the flow of
—a-larger- -current ‘between the. emltter and the collector.
N and p- type silicon,may be put together in two con-
figurations to accompllsh this transistor action.
An NPN transistor utilizies two N regions (one a col-
V}ectér and the other an emitter) separated by a narrower
P region, which'serves as the base. Figure 4 depicts a

’

NPN transistor.

.

Fand ' « L}
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ELECTRON CURRENT FLOW

— -
N P N ‘
EMITTER  BASE COLLECTOR

To ]
FREE ELECTRONS FLOW ACROSS

s __,»e T — - — )
o - - -
» | -

' BOUND
ELECTRONS
-PUMPED OUT - ~

Figure 4. An NPN Semiconductor Transistor.
’ \ Y “.‘
If a current is passed from the emitter to the collector, -
flow1ng through the base, electrons will begin to plug holes
in the P- type material (prOV1ded the control circuit 1;§
open so that no electrons are belng drawn out of the. P reglon)
ThlS gradually builds a negative chargeoln the P region,
whlch eventually strengthens to the p01nt that electrons
- trying to pass through the P region are repélled. This
negative Charglng of the P region happens rapidly, causing
the transistor to shut .off any current flow from emitter
to colle¥tor in about 50 nanoseconds.
If a CUrrent is now passed through the base from the
’7emftter in“the control circuit, electrons are forced out
of the P region in the base, slightly lowering the barrier
of negatiyely-charged electrons in the ,base tbat prevent
current flow.’ Normglly, from 50 fo 100 electrons in emitter/
collector current are allowed to flow for every electron .
removed from the base by the control circuit. 1In this fash-
w ion, fransistors,use small currents to control larger ones
PVP'transistors follow the same principle of NPN tran-

sistors, but the base material of. a.PNP.transistor is comprised -
>

- %

™ &

N - -
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of'N-tfpe silicon, thle the emitter and collector are com-
priség of P-typé silicon. Electé}city flows, in the opposite
direction in-a PNP transistor, from collector to emitter,
‘as indicated in the electrical symbols for PNP and NPN tran-
sistors in Figure § below. ' -

The arrows 1n the tran51stor symbols indicate the emitter
lead, and point’ “in the opp051te direction of electron flow.
The vertical lines respresent the base, and the lead oppo-

. . . /
site ‘the emitter is, of course, the qollector./

4

~ ,
. 4 aQ

. BASE COLLECTOR BASE COLLECTOR

) :
EMITTER < \ | emrren
a. NPN b. PNP |
Figure 5. NPN and PNP Transistor Circuit Symbols.
PO .
. , The condition within a transistor that results from
b the build-up charge, in‘ the base area preventing emitter/col-

lector current flow is called cutoff. There is also a con-
dition in transistors that occurs when the control element
reachés a certain level. The transister is in'effect wide
open, and emitter/collector current flow is 11m1ted only

by etternal circuit factors and not by the transistor. This
condition is called saturation and occurs in 511190n tran-

. sistors at around 0.6-0.7 volts. - | ‘

v

The speed at which a<transistor fluctuates between

>aturat10n and cutoff constltutes 1ts~operat1nc speed»when
s . .

Page 10/MH-0Z




used as a-switch. This rate is one of the important spec-
ifications used to select a particular type of transistor
for a circuit. Transistors switch at much greater speeds
than devices composed of diodes, relays, or vacuum tubes.
Figure 6 illustrates the DTL NAND gate referred to earlier,
and also depicts a TTL version of a NAND gate.

\

. POWER SURPLY VOLTAGE

+ Vcc

INVERTING TRANSISTOR

a, DTL NAI:JD Gate

POWER SUPPLY VOLTAGE

\

e | b. TTL Direct-Coupled NAND Gate

, Figure 6. NAND Gates Constructed by
Diode Transistor Logic (DTL) and Transistor-
Transistor Logic (TTL).

2

Some other specifications used to rate transistor per- -«
N
formance are as follows: .

1. Conductivity — a measurement of how' easily a current

moves through a transistor when it is ON.

MH-02/Page




2. Breakdown voltagé - ;heyhigﬁest’voltage level saat a
transistor can resist in its OFF state.
3.. Leakage current - current‘that flows when it should .
‘ not, usually a small amount along a circuit path that
N - should be blocked. : '
Ca, Maximum power-dissipation — power that is transformed
to heat and radiated away, and is therefore wasted

energy. L

¢

It is-important for the student to understand that
logic networks involving transistors are not peffectly pre- .
. cise circuits im terms of exaﬁf logic 1 and 0 levels. The
demands of mass prcduc1ng t1ny IC semiconductor devices
result in slight variations in the performance character- .
*istics  of the c1rcu1try, but these are held within the de-
fined speplflcatlons of the manufacturer.
There are many factors- that contribute to a certain
amount 6f imprecision in semiconductor logic circuitry,
. such as npise,hvériagions in riée or fall times, and propaga-
tion delay time:
The sharp, well-defined edges of the digital signals
(termed 'leading edge" and '"trailing edge") “in Module MH-01
are described as héving important timing functions within
J the computer. 1 ;
' Flgure 7 illustrates this ideal signal agalnst a more
accurate representatlon of a- 51gna1 efcountered in an actual
computér environment.
Noise, or minor fluctuations in both voltage and cur-
rent levels, is the result of thousands of slmultaneous .

Al

electrical events occurring close to a bpec1f1c signal.

)

: -
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Figure 7. Comparison of Real and Ideal Dicital Signals.
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‘stgnal is at logic .1 or at logic 0.

rs
.

°The’voltage levels at ghe right Pf the actual signal in
Figure .7b define a narrower,window than the signal voltages
used *in m&sp transistor logic networks. This is one way
of pf?viding some protection against noise spikes, or %apid
fluctuations in voltage due to noise, that occur when the

’

Since it takes a certainh amount of time for a transistor

.to reach saturation level or fall to cutoff level, this. -

actual signal miéht represent- the output signal of a tran-

sistor, showing the rise and fall times. These times are
sometimes measured between 10% and 90% of the waveform dif-
ferential, because of the possibility of overshoot or other
imprecisions. This measurement is shown on the left of

the actual signal in Figure 7b.

Before the characteristics of each family of semicon-
ductor logic devices are detailgd, several other items en-
countered in conjuﬁ&tion with transistor networks will be
defined briefly. ° T

There are twb.types of current loads associated with
the voltage levels in logic circuits. The term "sink" load
may be defined as the positive current (usually measured
in mA) that an input will draw when the output of the gate.
driving it is at a specified logic 1 level. Sink load cuf-
rents ffﬁically lower the vo%tage level of the'driving out-
put when it is logic .l, but its effect on the driving out-
put during logic*0 is negligible. The term 'source" load

‘current adds energy to the system it is driving, having

little effect on logic 1 inputs and tending to raise the
voltage 1e§e1_of a logic 0. TTL devices normally use source
loads. ' '

The load _Cugyrent most representatlve of the majority

input ;1rcu&ts in_a logic system is called the unit load.

o’
3
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o

- The unit load is used to compute easily the number of logic
devices that may be driven from the outputs of a specified
logic device within the computer system.

Rl

TTL LOGIC DEVICES ' !

As mentioned bef%re, transistor-transistor logic devices
are the most widely used bipolar semiconductor electronic -
components. Many newer technologies that have been deveToped
remain TTL-compatible, as the specifications for TTL c®rcuit-
ry are uniforin throughout the industry.

‘Logic values of 1 and 0 are represented in TTL devices
by voltages between +2.4 volts and +5 volts for logic 1,
and woltages less than +0.4 volts for logic 0. These are ,
consistent for both standard and low-power TTL devices. .

The current (norhally pl

) input level in standard
TTL for logic 0 is normally 1)6 mA, while the output levels
-are normally 16 mA or 10 ti eatgr. This means that
standard TTL devices hav of 10,‘or in other words,
one'output of 16 mA will drive 10 inputs at 1.6 mA.
Low-power TTL devices have a” fan-out of more than 20,
with normal 1nputs for logic 0 at 0. 36 mA‘and outputs at
8 ma. Because low-power TTL devices use approximately one-
fourth 'the current of standard TTL, they are extremely use-
ful in situations that demand low current drain. Low-power .
TTL devices.have one-tenth the maxlmum power dissipation,
meaning that much 1less power 1s wasted as heat, but they
are also about one-third as fast as standard TTL.
If outputs from several TTL logic dates are connected
td pull-up resistors (or residtors that ensure thatr a logic
gevel remains high unles> force@ to a,. IOUlC 0 state) and

: _ )
A
.
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outputs connected together, a new logic gate has, in effect,
- been superimposed over the existing two 'gates without any
additional cirtuitry. This is called wired logic, and is
- illustrated in‘Figure 8 as two "ANDed" NAND gates. .

OUTPUT A

INPUTS |

‘ ' ~ OuTRUT
. ¢——— LINE

)
—

-
. m

”

Z
2
i —'ﬁ 'Hf 9
2
d

Figure 8. Circuit Diagram for a Wired Logic Gate
Performing the AND Function on Two.NAND Gates.

Several advaniages‘reéult from wired logic. The ‘addi-
tional logic fundtion is essentially free and, due to its
constfﬁction, does not lessen the speed of the device much.

Sipce.there is no limit on the number of gates‘that
mav be connected this way, a fan-in technique may be used

. to create bus lines that can communicate signals between'
. devices by either unidirectional 6r.bidirectional means.
. In order to use wired logic with pull-up transistors-

-
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Zt the outputs oé the devices to incregse switching speed, N
a third state — different from either logic 1 or 0 — would
* be refuired to prevent damiage to the 1ntern£f\/ran51stors
. of gatgs registering opposite outputs. E
TTL circuits with three-state Sutputs register a high
« impedance or high Z state during the absence of a logic —

"1 or a logic 0-drive output.

A variation of the semiconductor diéde previously de- .
sCribed, called a échottky diode, is formed by substituting
' a metal for the'P-type silicon in a PN diode. |
. Electron orbits reflect the energy level of electrons;
“higher energy states result in electrons being located in
more outer orbits. . .
There is a substantial differentidl between the energy
levels of the outer electrons in N-type silicon and the
metal used in Schottky dlodes. This differential can be
exploited in a Schottky dev1ce produc1ng an improvéd diode
capable of hlgher sw1tch1ng speeds at lower voltage levels.
° When a Schottky diode is used with a standard tran51stor,
as illustrated in-Figure 9, the Schottky diode acts to lower
. the level at which a transistor reaches saturation from
around 0.6-0.7 volts to 02-0.3 volts. This greatly -

in¢creases the speed at which the transistor can alter its CA ~
states between saturatlon and cutoff, the ON and OFF. : .
A3
o ) " § SCHOTTKY -
. DIODE ) .
y ’ ™ COLLECTOR ' -
Figure 9. Schottky , . +
Diode "~ Across a Collector
\\ Base Junction in an \PN
\ Transistor. -
Y - - - 1
EMITTER

~

0" ) \IH:OZ/Plge 1
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Notice in Figure 9 the d{sginctive electrical symbol
for the Schottky diode. ‘ ’ ’
Schottky TTL also has a standard and low-power form,

“ but because some of the circuitry utilizes Schoftky diodes,

"TEMITTER- COUPLED "LOGIC (ECLY

_ INTEGRATED INJECTION LOGIC (IIL or I2L)

" the circuitry resembles DTL rather than TTL deyices. But

circuits are TTL-compatible, and the impor&%pt factor is
that operating speeds are increased three t

&

. .
»
.

‘four times.

-

Another bipolar 1lqgic family 13s called émitter-coup}ed
logic, or ECL. ECL tr¥nsistors avoid saturation, and there-
by increase switching speed, by carefully controlling the

a4,

collegtor current.
ECL,technology is newer than TTL and is not as widely
used. BCL c1rcu1ts are not TTL-compatible, but are the
fastest switching circuits yet developed. Of semiconductor
technologies, ECL has the best noise immunity but also has
the highest power dissipation. | ,

Ry
A

. v e
The newe;t and most promising, semiconductor technology
‘called 1ntegrated 1n1ect10n 10g1c or I? L I%L devices
ake advantage of multlple transistors sharlng the same “
P-tvpe 51lléon for theiT collectors and bases. Innovative
gechniques such as these are sometimes called merged tran-
sistor logic (MTL) and these-techniques hold forth the prom:
ise of the best of each of the prior-developed semiconductor

technologies. fe
‘ \ 4 v~
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. MOS TECHNOLOGIES .o o

All semiconductor devices-and familﬁés‘Hiﬁcussed so
far have been bipolar in ‘nature, utilizing two distinct
types of oppositeiy-charged silicon. . ’ -
The remalnlng semiconductor logic families, though
not the newest, were the flrst devices to achleve large
scale integration {LSI) to create a trde computer-on-a-chip.
_These fam113es are built around a metal oxide semiconductor, . = |
or MOS.
MOS technology is made possible through the use of
field-effect transistors (FE?%).‘?A field-effect transistdr_
, is similar to transistors already described, in that it util- -

S

. . SR
l1zes a control current to vary resistance between two terminals.

Two regions of P-type silicon, called the source and

the drain, are set into either side of an N-type silico
substrate, called the channel. A metal electréde, called
a gate, lies above the entire length between the source «
and the drain. The gate is separated from the source and
drain by a thin insulator. .

The MOSFET operates much like a PNP transistor, with
the source’functioning as an emitter, the gate aobase, and
the draln a collector. . . .

. However, the controlling action,of the transist6¥ is -
~accomplished through voltage — rather than current — by
‘utilizing the effect of the electrical field formed in, the

gate. oo T e ‘ - S
. | . When Yoitage is applied, electrons-in the N-type channel
. are-forced away trom the gate. The remaining holes provide
a bridge for current from the source to the drain. -

A SLnD’e representation of thws transistor is shown \

X " in Figure 10. - . - S

T MH-02/Page 19




INSULATION

* Figure 10. An NHOS
Field-Effect
Transistor.

)

sy
(CHANNEL) (DRAIN) \/\!
N-TYPE

SILICON
. .SUBSTRATE

{SOURCE)

. . .
_MOSFETs that use N-type silicon a’s the channel are

termed "NMOS.'" A similar device using P-type ‘'silicbhbn as
the channel with N-type silicgh for the sourcé’and drain
is termed ”PMOS Devices ut11121ng both tran51stor types
in the same c1rcu1t are called complementary metal oxide
semiconductors, or CMOS. ° T . .

o _— L
€

o * - '

RSN, A ey e e o e e

®

" PMOS wa3 the original metal oxide, semlcondﬁctor famlly
'PMOS devices can be formed with very high densities, but
.unfortunately, PMOS devices operate at low speeds. As a
result, PMOS devices -have been used widely in calculators
as well as microprocessors.

Some PMOS devicgh are TTL-compatible, but typically
require only one-fourth of, the physical area of TTL devices.
Howgver,« TTL devices are, on the average, 10 times faster
than PMOS devices. .

»
. ¢

Page 20/MH-02 -




NMOS
. NMOS. technology is newertgﬁan PMOS. Eved greater ad- « Co-
vances were made in LSI with ese devices.
While more expensive than PMOS, NMOS devices 'are twice
" as fast and almost one-third as large.
\ .Most NMOS device's are TTL-compatible, and there are -
many widely-tised NMOS microprocessors avallable today from
numerous manufacturers. : '

°

CMOS

& - - + ~ .
i

. : . '
CMOS devices are the most fecent develdbment in MOS
technology. CMOS devices have achleved wide popularlty
in. 51tuat10ns that(utlllze their ruggedness, high noise im-
munity, and low power requlqéments.

o

_CMOS devices are much less dense than their NMOS or
?MQS counterparts, taking up’ almost, as much physical area as
TTL. S . '

TTL deviCes are -still faster than CMOS, but CMO% is
twice as fast a;_NMOS. CMOS is diffieulp to interféce with
TTL, due to variations.in'the types of inbuts required:

. -
.

* N {\ . .
. - - ’ o v T
. . ) N
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N B ~ EXERCISES
1. Identify tke following abbreviations:
a. TTL. .
-7 b.  DTL. ' ,
‘C. MTL. g -
d. LST. ] -
e. MOS.
X f. ECL. . . D e
g. IIL.. A s 7
h. CMOS. ' :
Z. - Draw the electrical circuit diagrams for the’fol}owihg
devi®es: ) .
- C e a. PN junction diode. ,
b. NPN transistor. { )
c.  Schottky ‘diode. | S
d.  PNP transistor. N
3. Fill in the blank. \
a. Electricity is the movement-of
b. The terminals of a FET that correspond to the
base, emitter and coliector are s
| . ' and \ ]
. c. Silicon atoms.withashared electrons form a i
4. Rate the following devices 1, 2; 3 in terms of speed
and density: - ’
" Speed Density
a. CMOS - - ‘
T b.  PMOS o L '
c.  NMOS .
5.. The newest semiconductor‘technology 1s g..,v- .
‘ a. TTL. )
b. DTL.

MH-02/Page 23
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- ¢, I%L. oL “
d. ECL.
6. . Name as many of the importaﬁt crfteria possible that
are used to rate the performance of a,transistor.
; 7. Draw a diagram to illustrate the function of-é ..
a. PN junction. , ' e
b. Diode OR gate.. .

-
®

- [y

e
Y

LABORATORY MATERIALS

3
ate

Power supply: +5 volts. . -
IC: 7410 TTL integrated 3-input®NAND gate.
< Various unmarked NPN and PNP transistors, (markings may be
covered for lab): ! )
VOM.- - ) DN ™ - C -

€ kS

- 4

¢ A
. . S ¥ .

| - LABORATORY PROCEDURES -

Z

\\ _.The following laboratoriesaoffegfthe student experi- ’
) Y\ enge*dn breadboanding circuits that unﬁliig transistors
‘and checking circuit“Butputs‘againsm various input condi-
' xwions. A procedure is -also éffered,for discbveriné if an

unmarked- transistor is_a NPN or PNP transistor.

7

bt
-

Ll ' ‘y -
: ; ¥ , 71‘
. X ) %




LABORATORY 1. BREADBOARDING CIRCUITS.

Figure 11 shows the diagram for a 7410 3-input NAND.
By following the "steps below, two of the gates will be con-
~ figured similarly to the wired logic similar to Figufe 8.
What is the difference?

Vee . ] .
. SCHEMATIC (EACH GATE) ? , MASTER OUTPUT

COMPONENT VALUES SHOWN ARE TYPICAL

Figure 11. TPTL Integrated Three-Input NAND Gate.

Connect the ground connection labeiqd GND to the ground

on the power supply. N
Attach wires to output pins 5 and 3, and connect the

ends of the wires together. This point will be called
master output. '

Conngct +5 volts to pin labeled Voo

Using the VOM, applys +5 volts to each of the inputs




according to the chart on the next page, recording

the corresponding voltage output in the spaces pro-

vided in Data Table 1. In-addition, record the values
for current and resistance in Data Table 1.

LABORATORY 2. IDENTIFYING NPN AND PNP TRANSISTORS.

v

The f6llowing steps will allow the student to identify

a NPN or PNP transistor.

" 1.

w

Page

Identify the emitter, base, and collector. Use Fhe

c

diagram below: : ¢
CAN TYPE ‘ EPOXY TYPE .
b
- Ly
N e ¢
. e b ¢ »
{BOTTOM VIEW) . b

*Watch for thlS difference from some manufacturers. -
Place the lead from tﬁl + terminal of the ohmmeter

fo the collector lead and the - terminal to the base
lead. Record the resistance as R(a) in Data Table 2.
heverse the leads and measure again. Record the re-
sistance as R(b) in Data Table 2. .

If R(a) is greater tham R(b), it _is a PNP transistor.
I£-R(b) is gnéater than RCa), it is a NPN trénsistof.
(If the resistance values are equal, or if they measure
an infinite value, throw the transistor away!) Record
the transistor type in Data Table 2. This procedure

may’ be repeated several times.
)
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) DATA $ABLES

ey e .
’ " DATA TABLE 1. BREADBOARDING CIRCUITS.
b

INPUT CONDITION: ,
Pin #: 1 2 14 6 7°] 8
1. #5 | +5 | +5.0 45 | +5 | +5 B EE
2. +5 0 +5 | +5 | +5 | +5 -
3, +s | +5 | +5 ] o] o |+s
4, 0 | +5 ol+s | o o

RESULT: - ) : . =

Pin 3: Pin §:

Current Voltage Resistance Current Voltage Resistance
n

<

Master Output:
Current Voltage Resistance

MH-02/Pags 27
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DATA TABLE 2. IDENTIFYING NPN AND PNP TRANSISTORS..

R(a) R(b) _ Transistor Type
1. :
2.
- 3. '
R ———— *,
4
3 )
'4-‘\

L3 . A 4
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TEST

3.

Explain the functions of the emitter, base,

o

in, a transistor. - N

-

and collector

s

Define the terms saturatlon” and ”cutoff” with respect

to the operation of a transistor.
NN

Why is it important that semiconductor technologies
are TTL-compatible? )

-

1. > 4
, .
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4.

xplain what‘\eppens when electrons try to flow from the

anode to the cathode in a PN junction diode.

4

Why is a tr¥nsistor called an active device as opposed
to a diode? -

o
\
)

o . .

o

What is noise and whege does it come from in an elec-

trical signal?

7




What are the voltages that indicate logic 1 and 0
in TTL dgvices?

°

.

L4

&

8. &gpw does a Schottky diode improve the function
ranSistor? ’ f

s

r
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i _ INTRODUCTION

¢

. . * m .

Most miggocomputers utilize special Circuitry and_ tech-
niques to communicat€é information to and from the ogtsﬂde
world. This module is a brief introduction to those cir-
cuits and techniques, as well as input and butput per;pﬂ-
erals that are used in thenpommuniéation process.

PREREQUISITES

‘
[
«

- The student should have ‘completed Modules MH-01, "Digi-
tal Components,'" and MH-02, "Semiconductor Logic Families."

A

<

- < - OBJECTIVES

o £
.
{

Upon complétion of this module, the studenq should bé

able to: - y LT

1. Identify serial and parallel .transmission techniques.

2. Défine. the difference between synchronous and asynchro-
S P

nous transmission or reception.

State the function of many of the availablg "input/output

(92§

(I/0) peripherals. X :

1. Befine the following terms:
“a. I/0 ports. '
« . s
b. rlandshake.
. C. Universal asvnchronous receiver transmitter.
. p .
d. Universal svnchronous receiver transmitter.
. e. 3aud. .
£. interrupt. -
N Polied interrupt.
. -
{ - .
. MH-9Z; Page 1
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Vectored interrupt.

Flag.

Priority encoder.
Isolated I/O:y
Memory mapped 1/0.
Incorporated 1/0.
Selector .
Decoder.%’ .

Multiplexor.

B e [ (ﬁ— — s v a— -

Keyboard of switch bounce,.
Cathode-ray tube (CRT).
Video display terminal (VDT). - .

Optical gﬁaracter reader (OCﬁ).
- Impace printer. )

LY 24

Binary coded decimal (BCD).?

Extended binary coded decimaf/inﬁerchange code *’_ e

o,

(EBCDIC). '

° " b

fl'

American standard Code foft information interchange .

"(ASCII).

Lightzepitting diode (LED).

Floppy disk.

> .

?




-SUBJECT MATTER |

v

INPUT/OUTPUT DEVICES AND TECHNIQUES:

“ P e w

« - The f1rst two modules dealt with the logical functions

,of ‘a microcomputer and examined some of the hardware that

.are used to implement logic. to ) -t
This module examines how the computer communicatés with

the outside world through input/output - (1/0)° processes.
Several’ reasons’ combine to make the study of input/

output devices somewhat comp11cated .

First, there are almost as many dlfferent types of I/Q
devices as there are computer appllcatlons 1/0 deV1ces may

be simple sW1tcnes or single-channel devices ‘that communi -
cate Only the current temperature of a room. . I/0 deV1ces
may bé cemplex printers, cathodle- ray-tube terminals - or’
more%recently, digital voice synthesizers that speak -
4 Secondly, the speeds at which ‘I/0 devices operate vary
widely. Some devices change one bit every three hours, "’ M
‘Some deV1ces chanoe at the rate of hundreds of thousands of
bits per second (bps) . .
' F1nally, the Varlous 51gna1s that communicate with the
outs1de world can dlffer in, voitage, curreht, and resistance
levels number of channels requ1red metho&'of change and

so forth L « v

LogltallyL the terms Q'1nput” and "output' are reiatlve -

o to tne m1trocomputer, « Input 1is infgrmation available to the

nltrocomputer by means ot an inpyt port, or. a pthleal con-.
’

-
.nettlon o*an outside information source., leeW1se output -

“is 1nrormat10n awallable from the n1cr0tomputer ov'means ot '

an OUtDUL ort, or-a pn\slca& <Qnngetion to an- outsxae re-’
7}.te5\qr. 3oth ports are normall» unaer tne controk of tie’

. ' s
R

A
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cate with a-'péripheral over multiple channels at the same

v
- 3

microcomputer, although the exact method of control can

vary, as will be shown. )

. I/o devices (or peripherais) can ;be electromechanical,
mechanical, or electronic. If their output signais are not

in digital form, they must be converted by means of an ana-
log-to-digital converter (ADC or a-d converter). If the ,
peripheral will accept only analog input, the microcopputer
must convert'its digital output to analog by“using a digital-
to-analog converter (DAC or d-c converter). These devices

will be covered in Module MH-04, "Analog/Digital Conversion."
The hardware required to enable a computer and a peripheral

to communicate is qalled an interface, and specific iﬁter- :
facing devices and methods are detailed in Module MH-0o6,

"Bus Interfacing." -—— -~ ~ L

. I/0 ports may be:assigned specific addresses, just like

memory, so-that the microprocessor can select oné of a num- ) ;
ber’of [/0 ports. (The term microprocessorafeférs to the '
@Eicrocomputer central processing unit [CPﬁ] rather than all
the elemeénts of a microcomputer.) Peripher%is @an even.be * '
used as memory storage devices. Many times, the, only tan-

gible difference between intefnal storage and peripheral

storage to the microprocessor is the substantial éif%ergﬁce
in the time it takes to physically move the signal tHrouéﬁ
available channels to the per®pheral memory device. -

* »

.o { _ . - . < .

P.‘\F/{ALLEL'/SERIAL TRANSMISSION . T IR
Parallel tranSmission enables the computer to communi‘

time. Usuwally, the number of channels corresponds with the

nunber of bits in tHe word lengthH used by the microprocessor. .
. a . . . &

N A e _ [ *i | | l. "
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Obviously, this method of data transmission can commun;cate
v the same information gpn51derab1y faster than can be ageom-
plished by using a single line, which requlresfserqu/trans-
. - mission. - ]
In addition to the fact that the capaC1ty to move sig-
nals between a computer and a peripheral is greater Wlth
paralleltconnectlons serial data'must be orouped into the
proper word length by a converter device after it is recelved ¢
into the microcomputer. This additional operation is not
. required by the faster parallel ,transmission method-
Flgure 1 shows the dlfference between the way an~"§-bit \\\\‘\\
word, or byte, is ¢ransm1tted in serial arnd parallel form. ‘
Start and stop bltS added to the serial signal ‘are for- syn-

chronization purposes.

; SERIAL 110 ' ' \
) SERIAL _j S ’
! . START
N \ BIT 1 __9 ‘/T\ B
‘ LY
. 2| —> A
N 3 ——% ) .
3 \
4 ——? .
. . PARALLEL /0
’ S —% o

8| —> & )

7 !—'—> ) - /

b 8 &__> BN 2
SERIAL 3 ’
© STOP <:::::
’ BIT o s
¥ . L2 "~ -
? & ' ' b ’ /I\ . ! ’ .
- - i . ’ :

igure 1.- Two Mefhods for Sendinyg an 8-3it Word. ¢

. . L. o . MH-)3/Pagze 3
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SYNCHRONOUS/ASYNthONOUS‘COMMUNICATION

LY

One- crltlcal problem in I/0 is peripheral/microcomputer

< 5

data exchange ,
. The mrcrOCOMputer can receive information from the
. e -~periphera1°at a rate that is di%farent from-the peripheral's
- rate of send1ng 1nformat10n. - )
L1kew1se, ghe rate of per1phera1 receptlon of data
varies from the rate at which a“mlqrocomputer sends. data. .
Therefore, svstems had to be* developed that-either

stored or transformq& the data - or. somehow’ 1nf1uenqed the

operating mode of the per1phera1/ . ) e
There are three basic methods for coordinating 1/0. .
They are the follow1ng <. T . -
» R
1. Regglar sampling occurs when the de51gn appllcazlon of°‘

 the system allows the computer to Aouk for ‘a change in

~ I/0 atia specified rate. Thls method is normally used

with peripherals that are aIWays ready, -such as sample
switches. \ermally, data transfer Mtes are slow.

2. Asynchronous communication océuis when spec1f1c control

51gnals, elther on separate lines or as start.and.stop
- bits, provide syhchronﬁiatidn for data transfer. This

0

can occuf at varylng rates.

4

3. Synchronous communlcatlon occurs when an I/O 51gna1 is

deflned by its position in tlme (as deflned by an ex-
ternal .clock). Because’ these signals are contlnuous
and reiuire no other svnchroniZj g signals (other than

the k signals), this -method achleyes the nlghe:t

L

1/0 transfer rates.

- .
s . .
«
. [ - -
. o . L
- - . B
.
.

5 . _ ) .
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Regular Sampling’ : A

..
°

¢

The front panel of a computer is normally a series of
° switches that allow addresses and data to be -entered into
.the m1crocomputer in hinary code. Lamps, or light-emitting
diodes (LEDs), indicate the result, also in binary ON/OFF
coding. 7 ' ’ '
A proBlem occurs when a microprocessor attempts to read
a logic level produced by a switch that is in the process of
changing. Certain electronic trigger devices improve the
rates at which switches change states. 'But in an applica-
tion such as the front panel example, this problem is solved
‘through spec1al sw1tches labeled load or _ffgﬁjff——l%e—eem~————
puter samples these special sw1tches at regular intervals;
and when it finds them enabled, performs the data transfer
N . ", operation indicated by the positions of the switches. .’
Obvigusly, the sample rate at which .the computer looks

&

for an_enable condition should be, greater than the minimum
. amount ¢f time between changes in condition. In the case
of humah—operated switches, this rate is EXtreﬁely slow
compared to a microcomputer that cén‘perform thousands of
Eperat1ons a second. ' ’ ’ @
Another method of solving the pr%blem of reading the
output from a changing switch is through programming, or
software. The computer's controlling software can prov1de .
a method for reading the output from & sw1tch several times,
then comparing readings for accuracy ot

. N ) [

Q >
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Asynchronous Communication

\ Even most peripherals that operate at fasteraxhanghdman
speeds, cannbt provide data as fast as a microcomputer can
read.it., In most cases, the microcomputer will be\waiting
on the peripheral to send additional, information while it
performs dther~operations. )

If temporary storage registers constructed from flip-
flop circuits are placed at the I/0 ports, the microcomputer
can get the information to be input when it is ready, while
the peripheral can getvthe output information when it is

"ready:a An additionallchannel can communicate: control status
information, such as 'ready to receive new information" and
"'new information ready to be sent." The resulting system
enables data togbe exchanged at varying rates between a

microcomputer and a peripheral. as shown in Figure 2. '
. A
PERIPHERAL - .
] RE MICROPROCES SO &

. ADY FOR NEW IS READY TO ACCEPT
8-BITS IN -BITS OUT INFORMATION /I\ INPUT (IT HAS

(PARALLEL) -’ RALLEL) T HAS READ THE LAST READ THE LAST

TTTTTTTT | ’) ./E':MJSM!SSION ' TRANSWSSI‘ON)

TEMPORARY TEMPORARY
STORAGE - STORAGE

o

.
MICROPROCESSOR DATA BUS ( 8-BIT PARALLEL)
¥

.
o ’ . .

Parallel [40 Ports Illustrating Svnchronous
Communication by “anduhake Process..
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The control 11nes used to communlcate status informa-
tion are sometimes called handshake lines. The process of
: controlling information transfer is called the handshake
process. ' o
Coordination is required between the microqomputer and
the peripheral to prevent data loss. For example, if the
peripheral sends new 1nformatlon before the m1crocomputer
‘has read the temporary input register, the reglster can be
altered to reflect the new information, erasing old data.
In the same manner, if the microcomputer has not re-
ceived the go-ahead sign from the peripherdl, and places
‘new gnforma{Eon in the temporary output reg%ster before, the
peripheral has read the previous information, the data is

T - lost. &~

Thus, control 11nes protect the integrity of the ta

being transferred, and allow the transfer to ‘occur at ? n-
regular, or asynchronous, intervals.

In serial communication, start and stop bits before
A )
and after each byte, ot word, provide ‘special signals for
7 the m1crocomputer that define data.

°

S A device called a universal asynchronous receiver -
o {///@ransmitter (UARJ) is basically a shift register that not
only converts serial data intd parallel data, but also pro-

[y

vides bit- checking and parity-checking functions. The UART

-

makes the rate at which data is fed into t@e.mlcrocomputer
consistent and regular. It also transmits data from the
mrcrocomputer to an output peripheral at a con51stent rate.

L)

ConSLstent transmission rates are aefmed DV using a3

.

, baud rate. The term "baud" refers to the max1m%? number .97

: signals that may be transmitted over a ,communication lin

and 1is a function of the duration of. the shortest sizna:
. . .

-

° A\ = : el @ -

QL ) . . : .
“ERIC © .. - - '
, ’ . \ & . .
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Baud is not identical with bits-per-second rate due

to the fact that blts(max\Pe communicated 5y signals of
-varylng lengths. '

V.4 - N

Synchronous Communication B i h
—\\J . In synchronoqs,cbmmunicgtiqn,‘datg is transferred at a’
“regular rate that is determined by a special control line, .
“ or external clock synchronization. Althouéh the initial
process of getting the transmitter and.receiver in sync may
require additional, hardwate and software, this method pro-
vides faster'I/O communication — once syhchroni:ation has
———- - —————-been established. ’
Z During synchronous communication, the microprocessor
is performing‘an I1/0 operation at the same speed as the data
R ' transfer rate. For example, 4if data is béing transferred at
1200 baud, ‘the microprocessor is performing one I/O operation

every one twelve-hundredths of a second. .
. . - . N L. e
As with UARTs, there are universal synchronous receiver

)transmltters (USRTs) avdilable.in integrated circuit form
that perform approx1mately ‘the same~funct10ns

INTERRUPTS .
° , o
Wost m1croComputers have the ability to temporarily
hait, or 1nteg&upt, the normal execution of a program upon
receipt of a signal from an external peqlpheral and jump to a
a subroutine that deals with the request of the peripheral.
.Upon tompletlon of the task reque:ted by the peripheral .
N . : ‘55normally a data trans r),Athe original program resumes at ‘

. the poiat it wa> orlalnaxix interrupted.




-
Also called a program interrupt, this method of re-

sponding to I/0 devices enables the microcomputer to perform
operations until itg attention is diverted to I/0. This
differs from the fegular sampling method where the'computer
is regularly looking for I/0 dat#.

_There are several types of interrupts. Polled inter-
rupts utilize a single control channel from all I/0 devices
to thé-microprocessor. When an I/0 device needs to transfer
data, it places an interrupt request signal on the control
channel. The computer temporarily halts execution of the
existing program, storing its place éo that it may return
to the same point and resume operation. The computer then
polls each I/0 device to see which needs assistance. This
is~normally accbmplishei by having the peripheral place an
interrupt request bit in the status rédgister of its I/0
port. The computer checks the varipus I/0 status registers
until it finds the device making the interrupt request.

There is usually an order of pfiogity in which the
mjcrocomputer polls the I/0 devices. Therefore, if two or
mor€ devices make interrupt requests at the same time, they
are responded to in pdlling.order. This order may be altered
according to prearranged p;iority status codes .~

In large ‘computer systems connected to litefally hun -
dreds of I/0 devices, this method for respondiﬁg to inter-
rupt re&uests can be time-consuming. . . .

‘A faster mefhoa, called vectored interrupts, allows the
computer to know immediqtel? which device has made an inter-
rupt requegt through certain signal§. T?ese signals are
,provided 1in several wavs. .

Jne mg%ho@ requires a séparate line from each I/0 de-
vice that causessa jump to a subrou?lne dealing with that
specific Jevice. However, this method 13 seldom used in

microcomputers.

ME-03/Page 11




. Most microcomputers make use of status bits, called
flags, that Signal 'when a pgogram interrupt is requested.
The address that corresponds to the spec1f1c I/0 port, and
thus to the\kw1ce ~is sent to the microprocessor, initiat-
ing the subroutlne that corresponds to- the device. ' In the
case df mu1t1p er requests, devices called prlorxty encoders

\Qfgz the addres es to the microprocessor in priority codlng
oT .

)

hnterrupts may be multiple level, meanlﬂztthat an inter-
rupt may be interrupted, and then that interrupt may be )
interrupted, and so forth. In each case, the microcomputer
stores the address of the next instruction to be executed
in a stack register in “order to know where to resume a sub-.
routine. T "

Interrupts may.also be disabled in most microcomputers,
meaning that under certain conditions critical to the soft: <
‘ware or hardware, ~the microcomputer will totally 1gnore
interrupt requests.

"
I/0 BUSING™

1]

Almost all microcomputers use the .same data busés for

I/0 transfers as well as for memory operations,, where data
are being stored iinto, or read from, memory. As previously,
mentiened, I/0 peripherals may even b%ﬁtreated as memory in
such cases as disk and tape storage. L .
It is important that’all data being royted back and
" forth over the same lines be carefully coordinated in order

0 oe commgpicated properly. Several methods exist "to bfo-M°
vide this coordination. These methods follow: 5

Page 12/MH-03
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Isotated I/0, where the address for memory and I/0
ddta are ‘handled separately in the decodlng process.

on

|

o
»

Memory mapped I/0; where I/O ports are handled as
locations in memory. ' .
Attached,-or incorporated I/0, where I/0 ports are

w

10c;f§d~1n the microcomputer's CPU or memory sections

.WitHhin an integrated circuit.

A »
'Isolated I/0 uses separate bus drivlers, or devices that

-~ . . Y
place the gc'tual si§nals on the data bus\ !/0 signals often

” " differ frfm memory signals, which seldo require handshaking
control 'and coordinating signals. As a result,
ing the I/0 bus contrdl from memory bus control has
its advantages. Many times, programs are-clearer. —Tire
physical design of c1rcu1£ry that deals with I/0 or memory
may take advantage of this difference .in the nature of the
twovforms of data. But ‘these designs are usually less
flexible,lénd require extra (or duplicate) instructions and
decoding. i o '
' -The\biggest\adwantage of memory mapped I/0 lies in the
programming for-microcomputers equipped with this.feature.
Program instructions can fetch data from a peripheral device
as ‘easily as-from memory locations — without additional in-
structions required by other methods to physically get the
information to the m1crocomPuter from the per1phera1 This
makes programming ea51er but can also make programming
harder to ungerstand if adeqﬁate documentétion does not
exist to distinguish where data originated. .
Attached ar ingorporated I/0 is utilized when the small
: physical si:ze resulting from.this method 1s a benefit. There
are limitations,in the number'and complexitv of I/0-devices,
associated with this method. Integrated cirgcuits containing
,the CPU, memory, andwI/0- contrel on one chip are*mdre expen-,

p . : - AN
i Colr : S

- 2 . °
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1/0 HARDWARE - - ’
\ L
- : : . The selection of I/0*devices is widely-varied. A brief
- . summary will be given for some more common devices.

Flip-flops have already been mentioned és one. method ;
for temporarily storing I/0 data to help diminish- the prob-
lems associated with wide variance in input/output rates. ~—— ———

A device known as a monostable multivibrdtor, Oor one-

shot, transforms short pulse signals into longer, fixed-

[l

Flyp

length signals. The one-shot multivibrator can smooth out
perlpheral 510nals to facilitate their 1nterpretat10n by

. the microcomputer. These devices are varlatlons of the

_bistable mu1t1v1brators discussed in Module \M -01, "Dlgltar -

Components.! - .
. Shift re01sters have been mentloned as devices- that

- - can transform &Eta from a serial to parallel form, and vice

'ﬁersa. ’ ‘ e

’

Counter circuits, also described in Module MH-01l, can
be- used to drive I/0 devices such as disblays .

A selector chooses a single output from multiple 1n-‘
puts, while a decoder produces a 51n0D$ output based on-
multiple inputs. - A third similar dev1te (called a multi-..’ -

= "plexor) produces a single output (from multlple 1nputs) -

°

that contains all the information of e?ch input. - .

All three devices have hultiple i?putg,and a single .

. output. Iljowever, there are similaniti%sfand distinctiops /
. between. devices. A selector selects ope of several 1quts

L]

— a, decoder produces an’ ‘output based on the in orgatlon pro-
‘ v1ded by a coded input. A multlplexor\lntegr tes informa-

[« - -

- ' tion from multiple channels onfo a sinﬁle channel.
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" SWITCHES E . W /

Just as the- simple switch is the basis for complicated
logic devices, it is also the most simple form of input'and

is the foundation for more j?mpllcafed forms of input.

* Push- but&o§:§w1tches uch as those used in keyboards,
are mechanical &vices. A problenm sometime% encountered

with mechanical.switthés is'called bounce. This phenomenon

occurs when physical pressure exerted to close the sw1toh
produces Newton's famous equal and opposite reactidn, caus-
1no the contact points o momentarily oﬁen again before
stablllzlno in the closed position. ~ 7

This problem can be cured through software b& sampllng
output (after a :uff1c1ent delay) to account for sw1tch
bounce.’ Hardware dev1ces such as the one- 'shot men&1oned
previously, help transform the two qulck succe551ve:%V/0FF

‘states produced by sw1t@h bounce into a single; def1n1te

‘e ‘. v

pulse.
Flgure 3 1llustrates a debouncing technlque for a 51n-

-01e pole, double -throw" (SPDT) switch, ut11171n0 the same

crossed-NAND configuration of Module MH- 01. -

e

Figure 3. Using Cgossed
JAVD Gates to, Remove the
\eoatlve Effects of Sw1tch'
Bounce

?
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A

A keyboard,
teletypﬁ machine
nofhlng more tha

- The word te
implies an integ

sendlno 1nformat

2.
like those usedlto 1nput 1nf01matlon into

s or video dlsplévjtermlnals (VDTs), ‘i

n a group of slmple switches. i

rmlnal as used in video dlsplay termln

rated 1/0 device that has. the capab111ty of

ion to the microcomputer and receiving in- °

¢ -
&

formation from th® microcomputer. .

Currently VDTs use a cathod

dlsplav device for 1ﬂformatlon

e ray tube (CRT) as the
Vewer techn010g1es involv-

°screens to allow

ing flat-panel image devices may eventuallv replace CRTs.
CRT based VDTs are currently the most popular and )

powerful form of 1/0 device because of .their ablllt) to -

dlsplay iar ge quanfltles of 1nformat10n almost instantane-

_ously ThlS 1nformat10n can be in color and in g

table form. CRT- based VDTs ¢an..show movement or att ?ct'

attention through bllnklng verbage or audio s\%nallno
Interactive CRTs use 11ght pens or even touch sens1t1ve
.;he/user greater‘flex1b111ty in information ‘
S .
"“l

° . S, . i
] . i

e A . < .
o 3 - '

exchange.
) The, teletype us ¥also a computer terminal that: uses

keyboard-input, but ﬁlsplay is normally accomps#shed tntough

a typewrlter like 1mpq;t prlnter ;

L

-t

EN

. Printers dare a basic fori.of computer output.

' K 1 . s 4 )
) ' R ’ . - .7 " o
:DISPLAY .7 , , . C. \ _

They

.'\ - . - . . tl . N 7 >
Yyange from impact printers, that 'strike a single g¢haracter -,

I

;
at 4 time to’ llne prlnters that print #n entire l%ne of

‘7
7

1ntormatlon slmultaneouslv

A nhewer techno1oox

Jet prlnt;ng, manlpulates(a Stfeam of apkvgdool ts

papér to form cnaracterr, ecre 51
o ©y , \\ / . e
5 . . . - : Pl
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i . o . ¢ ) ‘ . O
noise. Some)hiOh-speed priﬁters can attain print rates of
over 4,000 lines per minute. - '
Printers are useful storage medlums — generally of
0 1nfermat10n for human Consumptlon only QComputer data re-
trieval of prlnted material is a reIatlvely slow process,
acc mplished through input devices called.optlcal character
readers (OCRs). Moré efficient forms of If0 storage/re-
‘trieval, dévices will be discussed shortly >
) Forxoutput the simple lamp functlon@ similarly to the
switch, in that it indicates information by means of a sim-
ple ON/OFF dondition.
e The analogy also holds that simple lamps are bulld up
: into more complex systems, just as §w1tches formed the basis
- for keyboards Light-emitting diodes or small incaﬂaescent
. bulbs can be used to form segmented displays and qther video
. N dlspI%ys ﬁinformatioq i;/?tiil Communicated through ON/OFF
lighting. . '
. . +In order to communigate with human beings, computers
N . must transform our accepted symbolic communication systems,
suc% as bage 10 numerals and the Z6-1etter'a1phabet,‘into
binary “form, and vice versa. This is accomplished thrfQugh

various systems of coding. . : 4
- L

¢ . o . "

I/0 CODING ‘. . ‘ ‘ 0 . ' ~
The binary coded decimél.system; or.BCSE islused\exten—
sively in micrqcomputets and especially jin calculkators.
( - Standard BCD uses the'reoular binary notation for the

decimal digits ‘0-9, but uses a separate oroup of four mlnar\

[

digits to represent eath digit in deC1ma1 notation.

‘

-
-
.

AH-NT/prve 17




.xrequired in communication.

: .- 7

For example, the decimal numbér 99 in standard binary
form is 1100011, or seven binary digits. The representation

for decimal 99 in BCD is, two binary representations of deci--

mal 9, or 10011001, requiring one more b1t to communicate
decimal_ 99 than ordinary binary coding.

The qircuitry required to perform arithmetic operations
in BCD is more complex than standard binary coding, but BCD
codes can be intexfaced to widely-available devices that.
convert BCD to numeric characters in e\alsplay? making the
use of BCD coding or its variations in calculator cirpuitry
very popular. . .

Also, since a 4-bit unit can represent any decimal
digit, the code fits conveniently,into the’standard word
lengths of most micTrgpcomputers (4-, 8-, or 16-bit words).

' Alphanumeric codes must represent not only decimal
numerals, but also the alphabet and any special characters
A 5-bit code, called’baudot is used in some teleoraph‘

and teletype systems to represent alphanumeric characters
™

"in ‘both upper and lower case. - .

EBCDIC, or extended b1nary coded decimal 1pterchange
code is used 1n large computer systems, such as those made
by IBM, to represent alphanumerics. e

The most popular code for alphanumerics be1ng used in
microcomputers and their peripherals, is called\ASCII (pro-
nounced AS-KEE) which stands}for American Standard CGode for

Information Interchange. Table 1 contains a listing of

ASCII coding. \ . "

ASCII uses seven bits to represent 128 characters.

The eighth bit is used \for parity checking.
v

”~
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TABLE 1. AMERICAN STANDARD CODE FOR.
© , INFORMATION INTERCHANGE (ASCIT). .
ASCII Code  Character- ASCII Code, Character ASCII Coge Character
go UL 1 = . 56 v
91 . SOH ¢ - , 5" W
02 STX T2 . 53 X
.03 ETX iE . 59 ¥
04 - EOT - 2F - / L osa :
) {3 ENQ 30 0 58 { .
96 acx 51 "1 5C N\
. 87 . BEL 32 : ) ;
Iy 3§ ' 33 3 3 AL*) ‘
)9 T 34 3 5F — =)
31 LF 33 5 59
B T 36 5 ol a
: by EH 3" - 02 3 .
) cr 38 - 3 63 < .
- ¢ S0 39 2 K 4
IE 51 a0 63 ge
10 . DLE B T 66 £
11 DCL(X-ON) 3C < L6t 2
12 DC2 (TAPE) 3D ~ 68 P ,
13 «DC3(X-OFF) 38 N 69 a
11 acs v 3F - 6A 3
i3 NAX 10 3 . 6B k
16 3YN 41 A 6C 1 .
1- ETB 12 3 Y S 1
18 T can - 4% < 6E At
13 £y ] ET I D 6F 0
1A suB 13 z =0 5
, }3 Esc 4(: . £ a G
¢ % s 3 G 2 r >
12 &S 18 “H -3 s -
2 RS 13 I o :
< ouE 6s T A 3 -5 a”
! 3P 13 < 76 v
: iC L -7 v
. 2z “ - 1D \ -3 X
3 2 iE “e v @
et 5 3F ~A : -
3 ; 50 -3 . .
. s S -c \
- e 3 -3 \ ALT MODE
oo 500, 2 <
32 , 32 -z JEL. LB IUR
1A 5 ) 5 .
<
. N
T A ; .
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The most widely-used numeric display consists of LEDs,
or light-emitting.diodes. There are-normally seven distinct
segments that form numerals and some letters, when lit-4n

o various combinations. A special code, called seven-segmenﬁ\
code, represents these various lighting combinations used
to represent many alphanumeric characters. A portion of
this code is listed in Table 2.

4
= 4
"TABLE 2. SEVEN-SEGMENT CODE.-

hd

, . 4 Seven-Segment Code
¢ ’ Decimal Digit (hexadecimal)
.

~

'

L
w <O
o O

7€ or 7D
07 :
7F
“"6F or 67 %

WU o
(=)}
Lw

ey

‘ "o * Seven-Segment Code

Uppercase Letter . - ~ (hexadecimal)

. 77 . -
. ‘ 39 .
R ' 79.
f 71

1E » ° ~ | . .
38 ' 1.
‘SE
a ~ > 73, .
v - " 3E - o LN
BE- - " ]

< oo rGEmMmMmO 2

’ '
[ } s * - - v v
. - »
. .

q - S 76 4 ..
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bothersome in its physical storage requlrements

I/0 STORAGE DEVICES - ) . -

N
o

One of the earliest I/0 devices Constructed_for the

primary purpose of storing digital information, punched

. paper tape is still being used in microcomputer applica- ‘

tions (from teletypes to typesetters) to read and storef o .
programs and data. ‘ 4 : : , -

Punched paper tape is limited in speed and slightly ’
Further-

more, paper tape is sequential in nature,

meanlng that a

spool of tapes must be physically wound to the end of the

spool to retrieve data ‘stored in that location. . 7
The actual data are stored by using various coding

systems to punch combinations of holes ingo sebuential‘

positions on the paper tape. These holes are read by pass-

ing the tape through a reader that uses light or mechanical
contact to sense ‘the presence or absence of holes. '

A similar system, using punched holes in cards rather T

than tape, allows information to be,physically sorted, or

rearranged to a particular .order, to fac111tate ‘information

retrleval : .

Maonetlc tape is an imptovement wvver punched tap&and \ . .
cards, both in speed anl storage characteristics. ¢ ' Co

However; magnetic tape is still sequential ih nagure, .

whether it is-a simple such
high- N )
in the largest computer Systems. Y

modified audio casgette player,

Nt

as the one used by the KIM-1 microcemputer; or»larée,
speed tape‘drives.ysed
Wagnetlc disk >ystems maintain the advantages of mag-
netle storage but have added a random-access Gapablllt\ that
greatly 1ncrea>es the speed of 1nformat10n storaoe and re-’ }

trleval S . - ‘ L
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These devices use disks wifh small units of magneti--
cally alterable material that spin at high speeds, similar
to a high-speed phonog%ﬁph record composed of audio tépe .
ha;érial. A read/write head, or encoding/degoding deviﬁe,
can move freely along a radius of the'disk; epnabling the
device to quickly jump from the innermost track to the out- . .
ermost track,{ or any location in between. ‘
-~ Large syqtems use multiple layers of hard disks to in-
"crease storage capacity. A simplified diagram of multiple-
-layer disk is shown in Figure 4.

. _ DISK SBINS
. AT HIGH

= .
<~ speeps. . ) _ -

. DATA
TRACKS
ON TOP
AND
UNDERSID
OF EACH
. DISK.

“READ/WRITE HEADS
MOVE QUICKLY FROM .
. MINNER TO OUTERTRACKS.

®

- . ) \

o v * v "o " e . L]
- )

Figure 4. 'Multi-Layqf Magnetic Disk
. CL * Storage/Retrieval System. ' .
:‘.. - ’ .
Floppy disks, go-named because the material comprising
. the magnetic disk is flexible,*a%e‘widely used in microcom-)

«

puter systems. -Lightweight, ‘durable, and relatively inex-

o
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pensive, this form of I/O 9t6race can access information
from any location on the_§p;gn1no disk in a few thousandths
of a second. Some’floppy disks can 'store_over 8 million
bits of information. . ST .

y The same principles of random- access disk storage are
utilized-in sealed conflcuratlons of hard dlSkS, called
fixed disks, which are more Tellable, much fastger, and have

a greater storage capacity than floppy disks.

FUTURE DEVELOPMENTS .

N v

' Rapid strides are being made in speec§ recognition and
« synthesis devices as a result of their growing popularity
1n consumer electronic devices. It is not known .to what
extent the ab111tv to talk 'to and .listen to a microcomputer
will alter the nature of current I/0 communication.
As solid-state integration processes become more ad-
~vanced, more and more I/O control functions are being in-
cluded physically on the microprocessor chips.
As the price of these gh&ps drops, more anpd more smaré

LN ;

péripherals appear.” Smart peripherals'use a dedicated,
rather than general purpose, microprocessor. - The micro-
processor will. have only one purpose, such as controlllnc
a Vv +«This form of dedicated use fis also called dlStréb'
uted procesyﬁnc '
The trend toward dlstrlbpted proce551no -and smart

peripherals extends not onlv to the- devices’ mentloned in
this module but also to knstruments sensors, and spécial

“devices that may- be ‘encountered in the ‘field bv an energy

v

techn1c1an ~

v
) . . - -

3
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, . EXERCISES
1. Id?ntify the following ab’brevi'atiogs, and define‘ the
~terms for which they stand: ‘
. UART, | ’
b USRT. . N
c. CRT. L
’ d. VDT.®
S
e, OCR.
f. BCD. .
- g.  EBCDIC.
h. ASCITI.
i 2. _Table 2 presented a portion of the standard seven-
segment code. ’I.n the figure below, the corresponds

ing positions of the display have been marked to show
the binary number that controls ‘each segment. In the
spaces provided, fill in the binary code that would be
‘required-for the letters that can be made using seven-
segment code. Then convert the- b1nary code to hex.

> (The flrst two codes Qre from Table 2. Use it to check
your answers ‘:)r the f1rst two'..) .

o a ,
. N A
. . tI ’b
Y g
. <
L ) eI 'c
- d
v Vanmm—)

° A
. ./\\'
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LABORATORY PROCEDURES

L4 [3
-~ .

. This labqratory,zakes a closé;’lbok at the KIM-1 mticro-

-computer in terms of the way it iaputs and Butputs‘informa»‘

tion.

L4

¢
[§

The figure below,is a rouoh diagram of the basic layout

ofe the KIM-1.

the computer are rel

¢ ”

ated to I/0 functlons

Votlce that many of the dev1ces that make up

DDDHBBDS

. \ :
—l LA, \ ¥
- \ BCDCONLERTER ‘ :
, PB. PA. u24 7-SEGMENT
o o0 | [kB-100 (ITD [T« pispLAYS
) o o A
0o o N -1 O00 e kEYPAD
o o 110 CIRCUITRY ooay -
‘ ‘ R b \
° q\ . >
o] 0. . f
- 0 © INTERFACE .
Yuorons ) '
. T
. = . -y - :‘ - T -
» Figure 5. KIMv1 Microcomputer Layout,
Notfsz

driver,

that the I/C chip labeled U24 is a BCD decoder/ |
and that.its output is copnected to the resistors

and tran51stors located above the seven- sevment dlsplays

v

Notice that the

Us;ng the kevpad as an input kevboard,

LEDs do, iﬁ fact,

MH-0

which serve as the driving circuitry for the LED display.

have seven segments.
. S

the student mayv view -
. % . .

‘
’

3/Page 27
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K\$he result of' the data d1sp1ay .
When- ports are set at outp&t voltages on the ports re- -

° 3 )

each of'thellorcharacters that are‘gpssible on these seven-
segment displays. °
‘The primary input/output ports. of the KIM-1 are two

bytes located at addresses 1700 (hex) and 1702 (he\) When

" ‘defined as input, the bits at these locatlons result from

logic values be1no applied on any of the 16 lines by means
of input voltages. When defined as output,cthese lines hlll
contain- the logic voltaces reflected at these locations in
the data f1e1ds ' .
When in the input mode, the peripheral output‘buffers‘
are in the 1 state. 'A pull-up resistor acts as jess than

1 TTL load to the pefipheral dataMines. 'Therefore,(all ;'\;

lines reflect logic’ 1 unless grounded. ‘
©  Turn™the power to the KIM-1 on. . Press AD and 17Q0 to
activate pins PA- 0 "through-PA-7 as 1nput ports The‘data

.-

[

display should now read FF. Why? - .
Ground the switches, accordlno to Data Table 1 and record

- - k4

flect data'that has been stored at the ded1cated address
, IMPORTANT: ~ REMOVE ALL .GROUNDS -FROM PORTS BEFORE CHANG-
ING THEM TO OUTPUT, SO THAT AN OUIPUT_VOLTAGE WLLQ~NOT BE
CONNECTED DIRECTLY *TO GROUND. ¢ ° ‘
Store FF at address 1701. This will convert port A
(PA). to, an output port. Enter the data values’ 1nto address
1700 and record the correspdbnding vpltage levels in Data

Table 2. - . ¢
~— . ". .. ..e <, .
' : < T ¢,
. . - b R
7
: ?
_ Page 28/MH-03 - 1oy .
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. | __DATA TABLES

©
DATA TABLE 1l: RESULT OF THE DATA DISPLAY.

.

[ Ground Ping . Data Display
PAO. 1 2 3 4 5 6 7
’ N . ‘
1.6 ¢ 6 G 66 G G G
2. G G G G G
3. G G G G .
) —
4 G G )
- S
5.6 G G. G
6. - G G G l
7. G : "y
8. G- G G G
- ¥ r
: DATA TABLE 2: CORRESPONDING VOLTAGE LEVELS. \ .
Data Input . Voltage Level \
~ PA-0 2 .3 4 5 % "7
1. A . ‘_x -
' -~
2. FL !
. - —_— I —_ —_ _* . —
R EFEE T R R
R PO X S
o |s. Es3 4 .
6. 5B
7 2 . T T —_- — T T —
$. ' 9D T
- (/
. MH-03/Page 9
Lo | 108 - - °
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\ TEST '

P -

- 1. Would a temperature sensor connected as an, input device .
to a microcomputer use a serial or parallel input? Why?
Sl _ y .

. »

=7 ' \
- » })
“

2. , Explain briefly the handshake operation. Discuss the
function of each control 1ini.

. %
N ‘ R Y ¢
s — > . N 3 o
¢ \ “ he ‘
. "\
3. Why is the concept of interrupts useful to computer I/0 o
' . operationg? <
e' /\/ . * R
*a N ‘ .
"
) ? '
. \
" N - . 4
' A *
\ h N
~ - M P
, ‘. ‘ : . . .
) ae . : MH-03/Page 31 '
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A
.

- X -
. . A\ .,
N N\ .
4. Compare the -advantages and disadvantages: of memory
mappqd‘and,isolated 1/0. !
1] ﬂ . .
. . .
. . . 4 . *"'I
5. Define the following terms: s
a. Selector. By ///
b. Decodef.
. ! ;
c. Multiplexor.
6. What distinguishes a terminal from other I/0 devices?
. a (;) “
1
< - y
Page 32/MH-03 .
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ERIC

Aruitoxt provided by Eic:

7. "Briefly explain

o

.

\

8. What is the advantage of a floppy disk over punched

paper tape?

-

.
. .

. /
€
= !

.

-
- - .t

. ~ N
- ¢
.
v
. /-\
s
»
- »
-
.
L N
v
. a L4
. . A
~
- .

MH-03/Page

(93]

L

\ A’ 4
-
<
f\
sy
L3




Iy

A4
Sy

g SN A

g

o

T A
PR
PRI

e

o A G P
- +3%,

D

s

e

e

o
&

K{%"-;

PEroa o,

Y

HX .

N .é,‘i“ 3

TN

3

5%

3 g 2
N TGS e

PR W
DAL ST R

e
DS BEEE LT e

i
3

TN AT

N

o
R A S R T

PR A SN A
Ry
A

<

S

-

189

v aet

I
4

¥ N
Praeialy
Nkl gy

B

e yerm
7

’:L'.g

g

kS

Y
¥

e N
VP rE Rl P e S
PRGNSR SO
et ol AN A

- L]

- MICROC

’ &

SR
PRI
PG

e

TN,
ot

A

o
AN o

-TECH

w2

L

E

.ﬁg,

Q

o2 S

Sl ey
gk

;
KC: s
2y %
s
I

)

DN s e
A
T

LRI
Lo P

o Nt b g
H SR

e T

I3 o

Sax e EYy

A e p
WA w

e > Kg 3

oL el

NICAL. EDUGAT
X LA

At

-

Py

PG
RN

10

-

%
¥

x

CONV

T s ».j‘
N_RESEA
KEWOQD DRIVE: JSUITE 5
3 ::‘g‘ﬁWﬁC

-

~

RGY TECHNOLOG

\

Al ’ ., a

PUTER HARDWARE -

Yo

ERSION

P

« . f

LA

s
ORIV
A

SRy g P
A &«!‘,‘

e

=

EARGH CENTER - SOUTHWEST  emmessammemem

PRI
et ar
He

9 T
Wi
vy

.:

g %
5%

:

%3

V57 . T
S IVARE Y




INTRODUCTION

)

L
> N .
» ’

Many microcomputer applicatiohs involve analog input

and output signals. Analog signals cannot be processed di-

rectly by digital computers, but must .first be converted to

a digital form (by using an analog-to-digital converter) be-

fore they can be fed into a computer. Similarly,’a computer

cannot genefafe analog outputs directly, 'but must use digital

output signals to control digital-to-analog converters. This

module introduces some of the more common analog/digital con-

verterS and conversion techniques.

. - PREREQUISITES

’

A}

The student should have completed MH-01, "Digital Compo-

ments”' MH-02, "Semi-Conductor. Logic Families"; and MH-03,

. “Input/Output Dev1ces and Techniques.' +°

=

‘
¥ . - .

‘ ’,
. r
. P . .

~analog/to digital converters.

"a. Linear.

7

Upon combletion bf ‘this module, the student should 6e
to: oo ) ’ -
Construct a redistor-ladder d101ta1 to-analog converter.
Describe the Operaftnoxprlnc1ples of three types of

Define’ the following. terms:

.\

b. Linearity.
c.  Bandwidth. _ - L
. d. Resolution.
e. Precision.
3 ‘ ‘ )
' MH-04/Page 1
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ERIC. %

ERR A v 7ext Provided by ERIC

SN v /

*

¢

# 0 U 0 B B K R~ e D 0Q M

.

.

.

.

5.

Accuracy.

Shaft erncoder. .

Transducer. : . <\’
Resistor ladder. , —-r)
Weighted summation.’

Multiplying DAC. &
Op-amp. ‘

Analog(comparator.

Quantizing error. ‘

LU

Successive approximation ADC.

.Counter-comparator ADC. ,
" Simultdneous ADC. .
Reference voltage. : .
v .
s
3 - . v
< : * .
. . €, e\) .
L
¥ e
A
N ke
]
4 : .
¢ .
¢ \ " -
N ]
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0 ANALOG/DIGITAL CONVERSION ‘
‘As stated in previous modules, dig}tal signals c¢ommuni-
" cate information by means of separate, distinct states, while ~.
analog signals vary iﬁ current, voltage, or resistance in ‘
~ - order to communicate information. . )
Thepretfcally, analog signals may represent an infinite.
number of values. In the first place, theme are as yet no
known limits, either high or 1qw, for such electfical proper-
ties as voltage and current. Secondly, just as there are an

infinite number of points which make up a line in geometry,

Ay

“there are an infinite number of single values that compose a

-

gradually increasing or decreasing signal.

Figure 1 represents an analog signal that vagies from 0

volts to +5 volts and back again to 0 volts. This variance ° “
- is drawn over a grid that divides the signal into 1/2-volt: .
{VOLTS ) R © 9
5 .

<. i /.\
4 . - / \ - " _
) L ' ‘ : / : \ - 2 e

I [

-~
-~

‘4—4; 1/ 20'CF 1 SECOND . . , '
Figure 1. Graph of a Linear (Analog) Signai.

4

Y

1 SECOND .

¢ -

S —— )

. : . .. . MH-0%/Page 3




. ) N
\increments'vertically, and 1/20th of a second 1ncrements hor-
izontally Notice the smoﬁth variance’ in the analog s1gnal - )
This 1is the reason analog s1°nals are also called linear sig- .
‘nals., _ / ot

This waveform could bg a close re%resentation (analogy)

. Of a real event in the physical world, in the sense that\most

réal world events vary gradually between .patameters rather

.

than step up or down in precisely- def1ned increments.” For ° .
.example, the waveform might représent outside temperature
from the time the sun appeared‘over the horizon until after
sunset. . . .. .
Suppose that each 1/2-yvolt 1zcrement symbolized a single '
unit of measurement. Then in the space of one second, this e
signal has,'in effect, counted from 0 to 10 and back to 0.
C’ _But what if each ¥/50th of a volt represents one unit?
As meritioned before, in theory the exact number of possible
divisions is'infinite Dividing;eaéh VoltvintB_SO unitsywill
allow this same signal to, in effect ,, count from 0.to 250 and .
back T o ’
N I d1g1tal form, Ythe deC1mal d1g1ts 0 through 10 are lim-
. ited to binary representations’ it take& a minimum of four
i b1nary Jigits to represent .each decipal. d1g1t Therefore, in.
o« _ order to count from Owto 10 'and back to 0 in d1g1tal form, as
was done in the first ,analog example, the second would need
.. to be d1v1ded into a m1n1mum of 80 parts rather than 20.
. This is illustrated in F1gure 2. o .
in® Qrder to count from (- to 250 and back to 0, a digital.
s10nal requ1res a second to be d1V1ded into a-minimum of 2,000™
‘ parts ,as opposed to the aQO needed for- the analog signal.
»  The nugber of d1v1s1ons requ1red to, send. information by .

either digital or analog means is called frequency bandw1dth
or 51mp1y bandwidth. '

¢ ' “ -
s v Y

. A ‘ *: - ’ ?'.. ‘-. > [y - - .
+ Page 4/MH-04 L e ‘ . - -




EMC'

Aruitoxt provided by Eic:

o ¥
o, ° .
- ; . 'Q FR ..
® ‘3‘,
T v Yo ® Qz’ﬁ ~% :
< - e
1o 10 30" &+ 30, 40. ' 50 60" 70 80

: | . 4
(0000)(|)00100100$1101000[010[1091 t110001001 1611)10()1 1900011 101 1601010100001 1001000010000

CNYYYYYYY VWYY YYYYYYYY

3 .04 5-6 7 8 9 10 i 0

N

Figure 2% Biffary (D1g1ta1) Count From.l to
: ' 10 and Ba£k to 0

s

-

Although in the prev1ous flg&%es the bandw1uth requlred
for an dnalog 51gna% was only 25°,of the bandwidth required
to communicate the samew}nformation by dagltal means, the »*
ratio can be even more h@avﬁly welghteg dn favor of analog
efficiency when comparing signals required for television
(video) transm1551on °y

'l *

And yet, each method of communication has 1ts own advan-
tages aqd dtsadvantages. TheTefore,,conv6r51op from digital-:
to analog or analog to diﬁital is-necessary wherever cirpum-
stances favor the advantaoes of one over the other.

Most of the real world is compdsed of analog Lnformatlon.

Informat1on important to energy consumption and conservatlon,
such as temperature power consumptlon, or air and 11qu1d
flow measurements, are analog In order to take advantage of
the ever-increasing cost effectlveness ‘of-digital m1crocom-
puter information pr%59551no ang control, the student must

ne¢tessarily have an. understanﬂlng of conver51on methods ber
X 4 N

- .

tween the two communlcatlons methods \ m‘ -

The first figures also 111ustrate two other important
characterlstlcs used. in analog and d101ta1 conVer51ons~__lt:‘
was shown that by varying the<ra%e at'which an analog signale

.is sampled (in other WOrds,;the-number of*time divisions, or’

cdunts),%the same analog signal can vield 10 units or -250

units. . v -

o

-4
v

. S T MH-04/Page 3
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A . . 0

e ) Obvipusly, a signal described.by‘ZSO diéital equivalents
. ’ﬁlll be more precise than the same signal described by 10

digital equivalents, .

/ " "The greater the number.of binary representations of an
- analqg signal, the greater 1ts resolution and preC1s1on The

actual difference in the measured value of an analog signal .

‘o~ ‘at a given time and-its digitdl equivalent yields the accuracy
of the conve#S1on. : - 3 "

In_this module the actual devices that perform the con-

.

versions' will be abbrev1ated DAC, for. digital- to- analog co-

. verter, and ADC, for analog to -digital. conyertor. Whenever
the technique of conversion is being referred to, it will be
abbreviated a-d conversion or d-a conversion.

" Both a-d and d-a conversions can be made by mechanical

- or electrical means. After a brief discussion of mechanical
conversion devices, the maJorlty of this module will deal with

v

electrical tonversion techn1ques.

P . . . 4

. : . J )
MECHANICAL CONVERSION DEVICES

. ~
A v ‘ ? ’

. . ’ In many cases, a digital }epresentation might be required
to indicate the position of a potentiometer,_ or rotary switch.
Such a switch might be found on the front'p;nel of a washing
- machine to indicate cycles,-ior exd/ble. ‘A device called a

shaft enqoder (by means of p ys1cal contact to conduct -elec-

tr1c1ty or: photoelectr1c senslng) can perform an ard conver-

s1on oo / | N\

C ’

~ - ! ’ .
) A Figure 3 illustrates the. basic concept. The darker areas
) 3
represent conduct1ve mater1al (in the case of contact dev1ces) >

or transparent mater1al (in the“case of photoelectric dev1ces)

S while the llont.areas represent nonconduct1n0 or opaque areas.
{
. ¢ .

Page 6/MH-04 Coe




~ba

Figure 3. Shaft Encoder Used
For Mechanical a-d Conversiop..

&

As the shaft rotates, the disk also rotaées, and the .
binary. code indicated on the sensors represents the position
of the switch. : X
Mechanical convérters such as these have.fheir difficpl-
ties, such &s when the position of the disk 'is such that the
sensors are on the 1line, resulting in an ambiguous digital
signal. Various codes, software, or multiple- positidn sensor
techniques have been developed to overcome such problems.
Other problems include the wear ésspciatéd with friction in .
contact devices; and dust or other contaminants in.photoelec-
tric devices. . .

.

ELEéTRECA; CONVERSION TECHNIQUES 27
.. | ‘ | ' '
- The trend today is toward transducers, which sense ana-
log conditions in the real world, convert them to electrical
.~ - signals, ang can then be converted td digital form by electri-
cal, Mather than ftechanical meards. . ..

5
’

o~ - .- /7 2. 2 . ,a
‘ ~ , ‘ “~H-04/Page 7
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" Solid-state electroag; devices such as phototransistors
\\ttually produce analog voltages in response to light, which
can be measured by means of an ADC.
There are even’ SOlld state devices (such as the National
“AN-132 Temperature Transducer) that directly sense temperature
and conyert the iﬂ?grmation to eléctrical‘signals: This same

) device can also be used to detect movement in air or liguid,

’ "to ‘measure wind velocity, or to sensebpositioﬁ.

. : < » '

; . ! . /.
4 DIGITAL—TO-AﬁALOG_COMPUTER . '\\\\\\‘

/K. . " 'A very simple DAC can be formed by a network of resistors
that ‘are 1nterconnected Y that opening and closing b1nary
switches produces a.varying (analog) voltage output.

o ,F;gure 4 represents a 4-bit re51ster'network D%C. .

’

V (INPUT) o

s »

v(OUTPYT) * ~

=

Figure 4. DAC Formed: by a Network of Resistors. ot

. -
~ L / . -
e #
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ad

value, if additiongl series circuitry is ‘employed). LT

« ’ ‘ ‘ : &

“*

> The resistance value _selected for-.R determines values =
* ‘—"/'/'-/——' . ¢ Yo J

‘for the reémaining resistors. In a circuit, the switches mye
replaced by transistors controlled by the output of a:storage

register or counter circuit. . ’

ey

. A slightly different Lircuit desigﬁ, known as a resistor-

: ‘ ‘ M . .
ladder network, allows,the same d-a conversion characteristics,
Y

but may be formed wit: two values of. resistor' (or one

A

Figure 5S.illustrates-a resistor-ladder network.

Tt . §\ T
- J — V (INPUT)

- 0
J .
22 23'
i e ]
. .
. 2R . * 2R’
. g &
7 -
: AN — V (OUTPUT) -
PR 2R ﬁ\’ . ¢ r

..

« s

Figure 5. DAC Formed by Resistor-Ladder Network.

\

—~

T

ve

4

/

This resistor ladder.could bé expapded easily by addingﬁ‘
additiohal switches and resistors in a similar fashion.

. . . -, . . . o
- Switches representing in¢reasing binary values access a -

voltage path of .increasing resistance: Combinations of clesed
switches :set up series and pafallel cirﬁpits that pfoducq{ad

‘ ‘ . W <
analog &epresentat&on of the switches at-the voltage output.

¢ . “ L4 f
= - . \ - l‘ > \\
* s P ' : > Lo
< 9" \‘ N \ . . - n' . ¥
. - \\ ' o B ¢ LI
> \ e NI
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This method of énalog generation is sometimes called
weighted summation, because it progressively adds the resis-
tive values in order to vary the analog value produced at the B

T~ 7 77 Toutput of the DAC. ! : o " =
A detailed investigation inZo the characteristics of a
resistor-ladder network make up the taboratory for this mod-
ule. . ’ » : v v
If the switcheg of the DAC in Figure S were contrSly%d
by the output of a binary counter that generated the bindry
eguivalengs of decimal 0 through 9 and back to 0, a waveforé

similar to the one in Figure 6 would result. , . N .

P
2

VOLTAGE

0 VOLTS -

—_—

Y]
2t

N
- ! 1 SECOND 1 1 SECOND

& DAC Output Waveform , b. Equivalent Analog Waveform
Figure 6. ’Comparison of DAC and Pure Analog WavefO{Ts. . “
Figure é also compares this DAC waveform with an equiv-
alent pure analog waveform, Notice the similarities, ]
In this particular case, setting the binary 'switches to
fhe‘lowest equivalent decimal value produced the highest volt-
° " age, wpile each incremént upward in decimal value résulted in
4 corresponding decrease in voltage. The output of this

t
»é

.o &
Page 10/MH-04 '




represented the most positive decim eqiivalents, as in

Figure 1.

N

Although seem1ngly simp design/ resistor network

DACs require precision power supplies, transistors, and qther
circuit components to.insure adequate accuracy for almost any
conversion requirement. ' ,
Voltage generators that produce voltage_inputs to the
resistor-ladder network must be very precise due to_the ~load-
ing of the resistor network, and these generators‘A:st re-
spond to logic level control (d1g1tal inputs).
Voltage generators sometimes use an ana%og reference
Voltage for comparison to insure precision. Some DACs,
called multiplying DACs, allow this analog reference to be
varied, altering the outpnt of the device to the product af
the, analog voltage times the digital input. '

Tnls givee multiplying DACs a variable range. Range is
specified for all DACs and p1np01nts the minimum and maximum
analog voltage values capable of being produced by the deV1ce;\

Resistor networks that divide voltages are one type of
DAC technique. Current may also be used to communicate analog
information, using a transistor<networkt -

Although higher conversion speeds may be attained, the
voltage range of these devices is much lower than the voltage
level being applied to the DAC. ..

The analog inputs to an ADC must also be specified. For

Q\ both types of convertors, input and output ranges — as well
as operating frequenC1es — are important characterlstlcs in
4 choosing the proper device for the application.

’ Today, large-scale integration technlques are reducing ’
the physical size of both DACs and ADCs, with some conversion
Circuits being'incorporated into the microprocessors themselves.

. . \

-
*
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This integration is made possible by utilizing special
types of transistor circuits ‘called operational ampllflers
that are well-suited for integrated circuit applications.
Operational amplifiers may be substituted for the resistor
—— —— ————-hetworks—that—perform-d-a—conversions—

Operational amplifiers, or op-amps, are made ‘from 11near
transistors, as, opposed to the switching type tran51stors de-
- scribed in module MH-02, "Semi-€onductor Logic Families: ) .
Two qualities of linear transistors make them well leted
for use in place of resistor networks. First, they have the
ability to generate a varying (analog) output. Secondly, -
’this can be done in response to ﬁultiple inputs which inter-
relate in a summing mannerz similar to the weighted summation
characteristic of a resistor network}DAC. ‘ .
Since the output characteristics of an op-amp can be ex-
pressed in mathmatical terms that coincide with the polynomial
. - ‘expansion qf a binary number,- they.can be used very-effec-
t1ve1y to perform d-a conver51ons ’ ’
Capable of addition, the hlgh gain characteristics of op-
amps allow them to perform more elaborate functions, such as
a convertor from BCD code’in digital form to analog'decimal
form, by ﬁarying the gain characteristics of the devices used
to compose the circuit.

\) ,r _
ANALOG-TO-DIGITAL CONVERSION

~
~

All of:the techniques for a-d conversion are basically
trial and error approaches where the unknown analog qaantity
is compared to a trial (or reference) quantity —.which is

- then altered based on whether the unknown value ° was judged to
be higher or lower than the reference. ) ) C

. =

.\ . . 1 .
L.oo* Page 12/MH-04 : . \ .
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Therefore, the key component in ADC circuitry is a devick

called aﬁ andlog comparator. The gic symbol for this device

. N\

is pictﬁred in Figure 7 below.

Y
'S . . ANy ‘
ANALOG
< INPUT

B>‘o——‘

OOR 1
" OQUTPUT

Loagic '

~~ Figure 7. Logic Symbol for an
® Analog Comparator.-

Theé function of this device is to compare two input volt-
agesd, here répresented by A and B. If A > B, then the output
ot the device is logic 1. If B > A, then the output of the .
. device is logic 0. If circuit design calls for reversed logic
values to indicat® 'a desired condition, the leads may be re-
versed. Thué, output is also reversed. °*
The actual circuitry that comprises an analog comparator
is composed of resistors-and bipolar transistors. Figure 8
is a schematic for a typical_gipolar analog comparator.
- When voltage A is greater than voltage B, the current
through R, is greater than that through R.. In this case,
the emitter éf the trigger transistor T; will be more positive '
than its basé; and no current will flow through T;. As a re-
sult, curren{ will not flow through T, as well. Therefoge: ‘
the output from the circuit will be logic 0. .
When voltage B is greater than. voltage A, the.current
through R ié greater than the current  through R, turning on
T3, which in fhrq.allows current to pass through R.. The out-

‘put of the circuit is logic 1. -

<> ' -

"o
. LA
! - :
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INPUT
A e o
~O OUTPUT

VOLTAGE

IN.PUT
8

_Figure 8. . Analog Comparator Comprised
of Bipolar Transistors.
RESOLUTION
Figure 9.graphs an analog wavefgrm through 12 time di- .

visions as the signal varies from 0 to 8 volts. This repre-

sents a resolution of one volt per count. If each vof%‘repre~
sents a binary number, an increase of 1 volt increases the

binary count by one. A decrease of one volt decreases the, *
binar& gount by one. N _

The values listed for each count (T) could be the result
of an ADC. Not&ce that even though the analog voltage varied
from 6.25 volts at T down to 4.9.v01ts between Tg and Ts, '
the readings for T7 through Ts did not change.,

This illustrates the cdncgpt of resolution as it relates
to accuracy. Since at time Ts, the binary result could have
been eigher 0110, or 0111, the accuraty of this ADC is limited

— A
"

Page 14/MH-04 ' .
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s o101 the Concept of
To 0101 : Resolution.
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to +/— ,1/2 the least significant-bit. This accuracy rating . s
ing efrror, and- is one element affecting

n ADC.

is known as quanti
the precision of

,,maximum_input_lrexels_of_%_wnxe:tér_and__mem the maximum_ ... . -, __
possible deviation from that straight liné were plotted, the
Tesulting graph would represent the linearity of the converter.

Linearf%y may be expressed as a fraction of the voltage
equivalent to the least éignificant bit. In the case of -
Figure 9, the linearity of the converter would be +/7.l/2-.
volt. . _

° " The greater the speed of the converter, .the greater the
quadFZty of samples that may be taken of an unknown voltage

be acheived. N

’ There are three basic types of a-d conversion techniques:
successive approximation, simultaneous conversion, and counter-
comparator. Each of these techniques varies in the rate at

which data can be converted. &

‘!

N\

COUNTER-COMPARATOR

The *simplest method of a-d conversigon uses a JAC (such
as a resistof—ladder network), an analog comparatpr, and a
binary counter. : ) .
* Figure 10 diagrams a 4-bit counter-comparatof ADC in its
simplest form. ' 3
Initially, the counter is reset to 0 and begins counting
UP. As each new count is input from the counter toszthe DAC,
‘an increasingly higher voltage is compared with the unknown

analog value.
. s 4

Page 16/MH-04 "
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RESET DATA OUT’

’ , COUNTER  (SERIAL)
1 Y T
- . TE .
BN
: BAC - | . | counTer AR ;
- > i
A7
., DAC-GENERATED J— N
ANALOG IN e
INCREMENT .
; COUNTER . ,
. ’ TOR - * .
.¥ P . 4
7 UNKNOWN INPUT — .
 ANALOG VALUE - . .

Figure 10. Block Diagram of '
Counter-Comparator ADC. )

When the output of the analog :Bmparator signals that
thé output voltage of the DAC has exceeded that of the un-
known analog value, the value in the counter can be read out
"as the approximate equivalent to the unknown analog voltage.
This data may be read out in a parallel or sérial fashion.
) The counter-comparator method is slow because it begins’
at the minimum ﬁossible value for any unknown and increments
in single units until an equivalentOZalue is found.

nter-;ompa;ator takes

e

'An improvement on the simple c
advantage of a three-way comparator and an UP-DOWN counter.
This systém, diagramed in ngure 11, can start’ at an estimated
middle ground for ‘the unknown value and be guided toward the
correct conversion byakontinually‘responding to a HIGQ/LOW
condition. If the esfimated middle-value starting point is
close to or above the actual middle value of “the unknown
quantity, the speed of the conversion can be doubled or more.

() l
i
. .

. : o

.
2

N\ Y !
° . MH-04/Page 17V
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'RESET A - , ’
COUNTER ) .

wy

N

COUNTER

. M JANALOG INRUT
A

A

COMPARATOR
3 N ANALOG ! i 4

¢ " UNKNOWN

INPUT
\
/ B

w

Figure 11. Block Diagram of an Improved
ounter-Comparator ADC Using a 3-Way
Analog Comparator and an UP/DOWN Counter.

+
. s i

SUCCESSIVE APPROXIMATION . ¢ i

&

» - . M o - »

The successive approximation method of a-d conversion

takes~advanta e of ¢he factlthat each bit, from the most sig-
g ¢ g

‘nificant to the least significant, successively halves the

voltage output of a DAC. * A
in a 4-bit DAC,

For example, the maximum output analog >

voltage value would be 15 volts if each count represents 1
, volt. If the MSB is 1, the output of the DAC is 8 volts, or
> dpproximately half its total possitMe output. Table 1 shows

approximate values and their relationships as each successive -~

bit representls,a /1001c one. : & -
In this megthod, the RDC Llrcult halves the total poten-
ial varlance left 1n the unknown analog quantity with each

Page 18/MH-04 . ) N ; .




s C TABLE 1. APPROXIMATE VALUE OF BITS. ., - \
1 . Voltage \ Approximate
. \ - Bit Progresston Output ° . Fraction of o
Z : . "' Total Output e .
) 1000 8 volts .1/2 ’
0100 " 4. volts®e .- 1/4
0010 °~ 2 volts . 1/§ o e
J . 0001-- * 1-volt © o 1/16 - -
- ;
Ve

count. This me;nSItHat each count prbduces.a progressively
closer approximaﬁion *to thé ahaloé value being converte

- Once again, a-trial and error COnversion'method'hé:?ZZZEN\\\‘L
used againstya coﬁtrolled~rgfe?ence value. However, with
this method, speed is attained by moving UP g} DOWN by half,

’

the refiaining difference < as oppdsed.to moving UP or DOWN

inérgmentally toward ‘the unknown value as in the improved -
/ ~

|

|

5

: |

. . \ | i
i

|

coufftegr-comparator system. ¢
7 :, s
| | < . s
IMULTANEOUS CONVERSION \ ‘ N ~
L] " / )
Simultaneous conVersion Tequires a sepéfate-analog com- L

parator for each count in the digital output. -‘In other words}-\\\ =
a 4-bit ADC can represent 16 different ¢oun¥é (0-15) and would

A -
require- 1’5 separate analog ‘comparators. (A comparator is not
. / .
’ ./ ‘ ) '

rd

required for the 0 count.)

0.( /
when an upknown analog voltage is applied,/every compa-
rator with'a~reference_voltage input BELOW the unknown value

e e oo e :‘ e T e oL e — - N
.
s

3 - »

, = . R MH-04/Page 19
| - 182 — O




- .
2 N i .
’ N v

will produce a binary 1 at its output, while those with ref- .

erence voltage inputs HIGHER than the unknown will produce a

.binary 0. © ) AR g
L - The reference input to each comparator flows through a
- resistor network similér4}o those used in DACs. in order to
-~

weight the reference voltage to properly correspond with the
. count position of.each comparator. -
) In this-.manner, an a-d conversion can take place during

. a single clock period, but. the large’ number of circuit com-

N ? ponents requlred forvthis method of converslon make it too
) H.EYpens1ve for most appllcatlons ) . -
’ ) Although “the slmuﬁsaneousﬁADC is the fastest of the. three -
. . - methods, the successive apprcxlmatlon method is the more pop-

ular because it is 1less expenslve, but mqlntalns speed and

(I °  .accuracy. o

MICROPROCESSOR-CONTROLLED CONVERSIONS . L . :'

»*

B .
L ~ A v
N P R
- , et e .

R

° N . . s

. By taklng advantage of software techniques and us1ng the.
microprocessor itself for control of the converslon process,

the ahount of external circuitry and connections can be re-_'
\ »
dueed.
( This is espec1a11y the cas®e when mu1t1p1e analog inputs
to the microcomputer require conversion at the same time.

s The simplified block diagram in Figure 12 shows how: thé
computer can control inputs (and thus the output) of a DAC *

/in order to perform a parallel comparlsoanf four different

unknown analoo inputs. - :

The m&croconputer can also‘use various software sthemes
o

to generate grial voltages, such as the .counting techniques

or successive approximation techniques discussed.

Page 20/MH-04 -
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Hdﬁever, the use of one DAC td& prpvide trial voltages
Tor multiple channel$ — which are then Gbmpared by the micro-

computer — saves time and reduces the number of circuits re-
quired. ’ |

MICRO-
PROCESHOR

\L % N% \Lg :

‘/\'/\ N Na

INPUT PORTS

Figure 12. Simplified glock.Diagram
for Computer-Assisted Conversion.
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v " Y b . '
1. What d101ta1 bandwidth would be requlred to count from

1 to 3 and back to 1 a total of 5 times in one second? "
2. ' The output of -the analog comparator below is#1 if A > B,
0 if*B > A, *What would the output be under the fOllOWlng

~

1nput conditions? = - :

s

A7 B . Output |
45 .3 . '
-3 .0 L_;;__ | 1 ‘
0 . -'1 i » . .
+6 - _*5 - , ' L -
-2 S c

4
3. .»If the output rangp ég?a 3- b1t multlpiylno DAC equaled
‘one volt per count, %yat would the output range be if t

the reference voltage were doubled?

.4: If the analog comparater used in Exercise 2 were driving
an UP/DOWN counter in a counter-comparator ADC, what
. - “would the s§52745t0 the counter be, cougt UP or count

- ’ DEQWN? - @

-

., . A - B Count UP.or DOWN
~ . +12 s " +11 " < v
: -2 ¢ - . ’ ‘ [S
‘ +~ . —_ )
; -1 ‘ 0o - . ) ’
<« 70 -2
N -2 . . t2
5. If one count equals one volt’ and there are 8 inputs to
~ - _‘the DAC (a one-byte input), what would 'the range~of the
. -~ n v . . .
DAC need to be to take advantage-of all possible input
. combinations? - e "
-~ M . ) ‘ . , v \
© - T . - e . . ) .
v, : ‘ ‘ . \ - . z
o - . Lo MH-04/Page 25 -
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6. If the cir€Te below represents the disk of a shaft en-
scoder, and dark areas are conductors, how would 'the dlSk
look in order to represe t binary equivalents of" the
following decimatl number; in the positions 1nd1;oted?

» 108 . : 2 g *
2. 2 . ,
5.\ 5 )
. 4. 7( ~ “‘ » 't\

3 N .

5. 3 '

‘ 6. 1 i '

7. 4 / ‘

8. 6 » / ® i
- . ' . /" < ' -

e /
. ° Voe ! s .
[ N , ( 9 o L4

v

10 1-k Q resistors.

~

3 2-k Q resistors.
YOM.

.
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CEDURES -
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7

. The re%istor-lado
page) with 1-k and 2:kf
e ¥ Construct this .cj

AN

7 network of Figure 5 is shown (on next

Q resisto. used as values,

cuit and apply power at +5 volts, 100
mA. Use points A and B as test p01nts for a VOW and recoerd

Jkthe\readlhci\fordcurrent voltage, and re51snance as each

-
Ty
et
et
rrraresdn e
e - )
.

.
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- . ’
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switch is closed. (Represent digital input.) Use the 25 mA

scalé £0r current readings, and the 10 DCV scale for voltage.

+§ @ 100mA




‘DATA TABLES .

DATA TABLE 1. RECORD LAB RESULTS HERE.

¢

Switch Positions Voltage Current Resistance
1. 0000 _ Iy
) 2. 0001 G\
7 "3, 0010 C N
4. 0011 .
5. 0100
6. 0101
7. 0110
8. 0111
9. 1000 *
10. 1001
4o 11. 1010
12. 1011
13, 1100 1
14, 1101
- TS, 1111. . )
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‘ TEST

1. WWhy is higher resolution desirable in dj% r a-d con-
i verters? ) ) . A
\
\ -
‘ ) \\ ’
» N a -
M \
. : | "
R What distinguishes a resistor-ladder netwark from pther .
resistor networks that accompllsh d-a conﬁer51on7
. . j #
: ’ ) j
[
. / .
. £ ¢ R .t . ! !
3. How does an op-amp transistor differ from a switching
transistor?,
. Yo T c. )
IR PR S 4 : /J\
- - » w -
- 4 v
: | ’ R
4, What device is common to all ADCs andlwhaf/ZS its
) . function? '
o 2 s - . /
3 -
- 5. Define quantizing error. How is it different from
linearity? .
- ’1“' -
. . ]
. ) . P
- .
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6. Describe the two types of counter-comparator ADCs in-
troduced in the module. Which is superio}?

. .
- . 4

)

. 4

7. How does the successive approximation method -of a-d

. . /
conversion generate reference voltages?

. N
T ‘?: .
’ X
. 8..-- What is the main disadvantage of simultaneous Asz?
N ¢ M ' v ¢
A~ - %‘
i ]
5
. .
\ //A
> 1 Tl ‘ -
N : ﬁE;
* 7
. .
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INTRODUCTION

The various components of a computer must cbmmun}cate
with each-other.in order to perform a given task. Increas-
_ingly, applicatidns require that, the input/output components —
. Or even.mass storage Or memory devices;— be separated from
‘ the CPU by some distance. Examples of these applicat;pné'in-
clude bank terminals that are connected to a central computer,
telephone systems, instruments on Mars that transmit data to
Earth, and implanted sensors within living organisms that com-
municate with laboratory monitor units. Spécial attention
must be paid to the communication of data between various
.components. ‘
The current trend toward distributed data processing
aiso requiyes data communication. A local microcomputer may .
W have all the necessary components on-site to input, process,
and output data by connecting subsystems together in a net-

work of intelligent terminals. Each local system may also
have access to vast resources of additional data. Within @&
large building complex, for example, a'microcomputer might
have a dedicated function of controlling lighting, heating,
and cooling in an energy-efficient manner. Periodicallyl )
“this micfocomputer éubsystem might send routine data it has
gathered during the controlliqé function to a central com-
puter. The centrai‘computer then prepares financial reports
and analyses for building management. o

In this module, the studeﬂt will be introduced to com-
munications devices, fechniques and data'formdts, as well as

the jargon used when discussing data communication.

. ' MH-05/Page 1
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PREREQUISITES -

~

The student should have completed Modules MH-01 through
MH-04 of Microcomputer Hardware. 3 <

Ll

. OBJECTIVES —

Upon completion of this moduie, the student should be
able to: . 4
1. befine Pasic communication concepts suéﬁ as medium,
message, noise, channel, time-division multiplexing,
and frequency-division multiplexing: .

~o

Distinguish between synchronous and asynchrono@s trans-
mission. ’ ,
3. Distinguish between baud and bits-per-second rates to

desFribe channel capacity. o

4. Define the following terms: .
a. Protocol. & ' ' I
b. Moduldtion. '
c. Demodulation. . N
d. Bandwidth.'’ ) ' .
e. Signal-to-noise ratio, , .
f. Attenuation,
g. Ampl:tude modulation. .+ ' ‘ C —
h. *Frequency'modulation. '
i. Pulse modulation.

Pulse-amplitude modulation.

Pulse-width or pulse-duration modulation.

Puls%~c6ae moduldtion.

1
J
k
- 1. Puise-positionimodulation.
\ m
n Nyquist rate.

0. Modem. .

Page 2/MH-05 ‘ .
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- | ~° SUBJEGT MATTER

DATA COMMUNICATION

¢ [

The primary function of a data,communication system is
to transfer information from one point to another by means
of signals carried over a medlum.

The medium (plural form is medla) mlght be a wire over
which electrical signals transmit information. Other media .
include radio waves and light waves that are guided by fiber-
optic cable. ‘

Students should notice that the term ''medium" is used
to describe both physical carriers, like wire, and electro-

' magnetic phenomeﬁon, like radip and light waves. Light can
act as a medium through. space with no guiding agparatus.’ For

code. Light waves may also be guided through fiber opti

cable — in which case, both the cable and the light become a
. AN . .
medium over which information communicated.

A distinction must be made between the medium and‘the;
intelligence signal that communicates the informatien (or -
. message) that was intended. A signal does not always commﬁi
‘nicate information. Therefore, the term "signal" is not
equivalent to the term '"message." ‘ .

“Intelligent 51gnals usually communicate a message in an_

-< orderly pattern or cod

. The signals are changes in the com-
‘munication medium, usuglly either in the ... :
- a. trength, intensity, or amplitude of the signal;

b. by the frequency of the signal (1;5 rate of vagiance

v .
.

through timej}; -or,
c. by the phase of the signal (normally, a comparison be-
tween the variations in two signals).

.
v . . l
- <

.. ' ' . . .o MH-05/Page 3
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Since changes in the communication medium may be causea:
by random, uﬁwantéa sources - liké"atmospheric conditi&ns or
impurities in the transmission medium — signal interruption
may interfere with gessage clarity. Random or unwanted sig-
nals are called noise. ( '

. .
The process of encoding a message onto a medium is called

/’

modulation. The process of decoding the message is called
— ‘ *

demodulation. ) . i c \\'

. .. “~_ . o
CHANNELS AND BANDWIDTHS
The rate at which a medium can change q{teﬁ determines
thesyolume of information it can communicate? This is why,
for éxample, highe%xfrequencies (faster, fates of change) are
o Y- requgred for television than for AM radio. This is becausek
h the telev1sxon 51gna1 1s more camplex and is ea51er to*commu-
s nlcate gver a hlgher frequency A typlcal AM radio signal
varies 10,000 times a secnnd+_uh1le d typical teleV151on sig-

nals varies 6 OOW'OOO ‘times a Secg&i —~ a rate 600 times o

o
2

greater.
The terms "channg®' 'and "bandwidth' are used to'define a
- épecif&c portion'of an imformation-bearing medium,
. or example, freqgfiencies between 54,000,000 ard
E 60, 003 000 cycles per second define teleV151on changel 2 in

the electromagne{gc Sp . The two frequenC1es identify

—

the exact p051t1qp ‘of’ Lhe éhannel in the medium (the electro-
‘ maénetlc spectrum)

: §3?En;s,be1¥$en the two frequen-
cies is the bandW1dth of the channel: )

Bandwidth 1nd1cates thes volume of 1nformat10n that can

¢ 'be carried within the channel. Most channels are deszoned to
" , %
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" be filledfby the volume (widthj of the signal a channel is
designatep to carry — with a small amount of space on either
side to help isolate information from neighboring channels. ’

For example, a television signal requires a 6 megahertz
bandwidth to communicate the entire signal:, fhis allows 4.5
megahertz for the video portion, 50 ki}ohertz\fg;,the audio
portion, and a small space on either side for isolation.
(""Hertz" is the internatiodénal term meaning.cycles per second.)

The Federal Communications Comm1551on (FEC) governs the

nited ngtes in.

use of the electromagnetic spectrum in the
‘nterested paré%es

an effért to ensure that the needs of all
- are.served.. . - . ‘
\/{. Iﬁcrea51ng :dethands for 1nformat10n (d%ta) transm1551on
n.the United States” have placed heavy,expectatlons on this
governing body. The FCC has the respongyﬁxllty of keeplng
pace with rapldly occurring technological developments.,, .

7 T T RITTTR
B
¥

Technlcally, the electromagnetic spectrum is infinite in -
both directions. Allocation of freguencies within the capa- | . ’
bilities of current technology is very important, duel to high . :
demehd for the airwaves. For this reason, techniques that .
result in more efficient use of available bandwidths. are con--
stantly being developed. These techniques include data com-
pression-— which reduces the volume of signals requlred to
communicate a message — and multiplexing, which’enables more
than one message to be communicated simul'taneously on_the

{ .

same channel \\\\ ) . ?
Media (used for data.epmmunicat on between microcomputers - =
and their peripherals) can Be any portion of the electramag- A
. netic spectrum hthh 1s diagramed Ln Floure 1. . -

’ Ba:lcally, ‘the only difference between the 60-cycle

¥

alternatlng current flowirg through most homes. in the United .

~

’ e

u : ‘ l
- ) - ’ ) %
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States .and radio,.eight,éor\ktrafs:,is the freduencfiat which
‘\tne signals vary. All are manifestations of the electromag-
netic spectrum; éach segment of the total spectrum behaves
»differently and has pectliar characteristics. For this rea-
son., certain parts of the total “spectrum are more suitable

for' particular communication requirements thah others. ‘
For example, most of'the‘spectrum has_a tendency to °
travel through space, or radiate, as is the case with radio.
wvaves. Ewen household current generates a certain amount of *
rad1at10n that can cause 2 hum (or 1nterference) in a radio
receiver placed near a wire carrying e1ectr1c1ty This ex-
traneous noise Can interfere w1th effect1ve communication.

) A narrow segment of the electrOmacnetlc spectrum is
visdble as 1ig ht. This segment :is not affected by unwanted’
radiation and/ its_rays will travel within the confines of a

\channeling device, such as glass fiber. The pecu11ar charac- .

ter1st1cs of this portion of the spectrum are one reason why
_fiber optics are. becoming popular as a method of communi-
i?tlng data. o ) .

- An example of the advantages of f1ber optic cable can be
found in standard‘telephone communication. Many tiny wires,
each enclosed inp a thin layer of 1nsu1at10n are bound to-
oethEr in thick cables. Each wire carr1es a. portlon of a

~ However, because of the radiation effect (mentioned ear-
lier) and the close proximity of the wires s1gna1s can become
shared resﬁlting in crosstalk. Crosstalk can be heard as
faint conversation in the background. Lightning and static
electricity also contaminate the message ‘signal, resulting’in

an audible Frackling'noise.
< s

-
it

telephone conversation by electrical s1gn . . .

..‘9 "‘ . ) X , '5_ s 4
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Light waves, however, are immune to these effects and
can be sent through fiber optic cables in-close proximities..
Crosstalk and extraneous noise do not affect, light waves.

e The concept of noise is important’ to the field of com-
munication. .As shown in the previous,exaﬁple, the choice of

* medium -can help to diminieh the effect of noise. Often, the

— g ——e - S U

medium can be 1mproved to>5h1e1d or insulate it from the
causes of noise. The message itself .can help prevent un-
wanted noise — because of the characteristics of the actual
signals and the encoding method.

" One of the most ‘important measurements of a communica-
tion medium is gts signal-toinoise ratio. The higher this -
ratio, the less noise will be preseht at the end of the com-
munication link. .

T The signal-to-noise ratio, or S/VN rétio, is the rela-
tionship of the magnitudé of the desired signal co red to
the magnitude of the unwanted noide signal. 1The standard
unit of measurement for S/N ratios is the decibel, abbrevi-
ated dB. ' -7 A .

Flgure 2 dlagrams basic components of-a\communlcatlon

system and indicates the po1nts at which nois€”can contaminate

the sytem. “ .

v
Signal drain of the transm\551on medium upon the relatlve
signal strength of the message is called attenuation. »By
using different types of modulatlon techniques  or ampllflers
the effects of attenuation can be minimized.
T As mentioned in.the earlier module on analog/digital
conver51on 4101ta1 .electronics have rapidly replaced analog
systems 1in, the world of computing. ¢ This is rapidly becoming .
the tase in the world of communication also although both
;methods wjill contlnue to be used for some while.

.
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NOISE, INTERFERENCE, FADING, DISTORTION

" l

TRANSDUCER 1 TRANSDUCER
{ANTENNA >  TRANSMISSION »| (ANTENNA
OR MODEM) MEDIUM . OR MODEM)
: TRANSMITTER [~ ( NOISE———>—>|  RECEIVER
_ — MOQULATOR— 5 - —— X - e - DEMODULATOR
INFORMATION , . ' > INFORMATION )

Figure 2. A Communication System Block Outl%ne.

, . .

Hand-held digital ﬁicrocompugér terminals have. recently
been introduced that communicate with ailarger fixed computer
by means of portable walkie-talkies. Thi; exemplifies-digital :
technology that is converted to analog AM or FM radio commu-
nication and then converted back to digital. These devices

* .+ might be useful to technicians involved ;n energy‘conserva-

tion. The technicians might use walkie-talkies as a means of .
accessing and transmitting large-amounts of ‘data from outside

*

locations to a fixed computer.

i AM and FM stand for amplitude. modulation and frequency
modulation, two popular ways in which data are transmitted
and received. As the name indicates) AM varies the ampli-

tude, or strength, f a signal to commuhicate information.

FM varies the frequency of a constant amplitude signal to

tommunicate. These differences are diagramed in Figure 5.
]
Both methods are analog, or continyous wave, forms of

- communication. When these methods are used for data trans-
o mission_over long distancés — whether, as radio waves or .
\ through .coaxial cables — the stréngth of the signal .
e ~
A . . - ) %

+
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' . a., Ampmude Modulatign
i (anuency Remin&&'ant)

/\ ACANRI AN
IRVARVAZAYL VAR .

W} . b. Frequancy Modulation
- (Amplifude’ Remains Constant)

)

Figure 3. AM and FM‘'Modulation Techniques:

. i
* ’~ ;

~ N < . M e

deteriorates. Therefore these signals must be amplified
at various intervals to maintain the message.
. : Unfortunately, any noise that has entered the system
will be amp11f1ed unless the signal is processed to improve
~its S/N ratio. If the npise level becomes too high, the in- -

»

format1on is lost.
! Varlous other methods can be used to modulate 1nforma-
tion onto a medium. . . , : ' .
For example, it can be mathematically.proven that when
: a continuous, andlog wave.is sampled atva rate equal to&twice ‘ .
its highestofrquency component, the wave can be reconstructed
" at the receiving end of 'a transmission _line by commupicating
only the sample information.
. This has- led to-the development g}’uommunlcatlon tech-
niques that, although >t111 analog, represent an improvement
. . oVer continuaus wave communlcatlon because they faC111tate

-~

aultipléxing and datd compression. 2 L e -

e
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Figuré_4'd%agrams-three methods of pulse modulation

(PM) and an equivalent continuous wave (CW) .

~ r4
D

- | ! l | '
L /—X, I CONTINUOUS WAVE )
. |
[

- | R T
e n Moo .
!

I fq M I Y o N PAM
X I i l PULSE -AMPUITUDE/ MODULATION
Mm M —r1 11 1_ POM
; ] R i PULSE-DURATION MODULATION
; ‘ ! _ \

_I—"A I ! l ] [; l [ " l f ' ]__ ' PPM
' o . | o PULSE-POSITION MODULATION
: i O

- Figure 4. Diagram of Three Pulse
Modulation (PM) Techniques. - : .

In pulse-amplitude modulation EPAM), the gpplitude of
_the pulse represents the sample amplitude of the continuous
wave at a given time. .This information enables the receiving
device to ingerpolate missing information to reconstruct the
entire signal. This is simdilar to plotting a curve by knowing
only a minimum amount of.coordiﬁatgs. 'However, the sampling
rate must be at the 'specified level to ensure the accuracy

of the recreation. ’ : -

By ﬁiacing a different messége in.the holes between the

pulses, two messages may be- combined, or multiplexed, within
" the same channel. This method is also knowi™as frequency . -

“"division multiplexing, or FDM.

1)
v, i ' -
.
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There are two other methods of pulse modulation. One is

pulse-duration modulation (PDM), (also called pulse-width
modulation [PWM]), which varies the width (lengfh in time) of
- the pulses to correspond to the continuous wave. The other
method is pulse-position.modula;ibn_(PPM), which varies the
<:j’"position in time of the pulse to communicate the information.
When multiple messages 4re communicated on the same
channel using these techniques, the process is called .time
d1v1s10n mult1p1ex1ng (TDM) .
In all of the precedlng methods of modulation, analog
techniques were used. -The advent of digital communication
in the form of pulse-code modulation (PCM) has resulted in
high rates of communication with*extremely'high_S/N ratios.

" The two terms used in data communication to indicate the
rate or speed of data transfer are "baud" and "bits-per-sec- -
ond." A baud equals one-half of a_ full cycle; thereforé, the
baud rate.equals two times the bandwidth of the signal. This

- rate, also celled‘the Vyduist rate, is hard to achieve be-
" cause the equipment must accurately detect changes every half-
cycle. The precision equipment required to achieve the

~

Nyquist rate is expensive. _

- In digital commuﬁication, the actual rate of transfer is
normally defined in’bits:per—second, or bps. The information

~ to be cbmmunicaged has been converted to binafy code: Each
pulse reﬁ}esents one’binary condition, while the absence of a
pulse indicates the other binary condition. By 1976, bps
v ~ rates of 16.4 billion bits-per-second had been achieved. '
In pulse-code modulation; the equipment must only detect .

the Rresence or absence of, pulses Noise that enters the sys-

tem mav deteriorate the level ot the ON pulses, and add a . l

Small amount of signal where there should. be none (in the OFF l

Page 12/MH-03 ' ’ l
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segments) However, it.is difficult to degrade the integrity
of a PCM -signal to the extent that noise affects the 1ntended
recognition. Thus, the PCM S/N ratio is very, high. .

In addition, each of the amplifying stations along the
route of long-distance PCM lines generates a new perfect sig-
nal, restoring-the level of ON pulses and eliminating signal
from the OFF segments. The result is very effective long-
distance communication through PCM techniques.

PCM is also adaptable to data Compression and multiplex-
.ing techniques. . " -

As mentioned in earlier modules, data transmission may
be efther ser1a1 or parallel, synchronous or asynchronous.
Most communication links are serial dué to thehigh cost of
multiple lines required to conduct parallel transmission.
Normally, parallel communication-is oniy cost-effective when
transmitting over snort distances, such as connecting comput -
‘ers within the same building.

Asynchronous formats may vary over an arbitrary time
interval between siénals, For example, in digital commu-
nication, the code representing an ASKII character might be
sent with spec1a1 characters inserted before and aftgr the
character to represent the beginning and end'of the character.
The time that might lapse before the next signal is transmit-
ted or received may vary in asynchronous communication.

Synchronous communlcatlon provides more eff1c1ent chan-'
nel utilization. However, synchronous commun1cat1on is’ more
adaptable for block-oriented applications where large amounts
of data are sent in blocks. Each group is identified by be-

ginning and ending data. In data networks, these ‘groups are

of fixed- lengths and are called packets

. . . MH-05/Page 153
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The characters within these blocks are transmitted, in
su¢ccession, with no individual beginning or ending defini-
tions. Characters are trqnsmitied at a specified rate that
is.normally governed by a clock. ‘

Any pause between characters causes receiving equipment
to lose synchronization for the remainder of the communica-

Y
t

tion. ' o ) ' A

The trend in worldwide data networks is toward synchro-
nous communication that uses a common; international clock
system that is based on a world time standard. .

Data networks are rapidly being built to take advantage
of the merging fiqlds of voice, image, data, aﬂd message com-
munication as microcomputers and digital electronics become
used in more and more communidation‘applications. !

Satell@te transmission techniques have improved rapidly.
Advances such as the space shuttle, which will enable more
economic satellite plgcemént and maintenance, should help in-
crease the importance of sdtellite transmission tech ques.

Meanwhile, land-based systems fdunded on'fibqf/zitic

links are rapidly replackng cable and microwave applications.

““*“*‘Heaviryfmuitibléxgﬁ’networks require standardized rules -
of interchange, called network protocols, to identify the -.

nature ind destination of specific information.

The term "simplex" has been used to identify a channel
'in a data netw&%k that allows information transfer in only
one direction. (It has also been.used to distinguish -a line
that has not been multiplexed.) ) , .

A half-duplex line allows communication in either direc-
tion — but in only one way at a timz: R

A full-duplex line allows simultaneous communication in

. %

both directions. )

Page 14/MH-05
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At either end-of the line; a modem — short for modula-

tor/demodulator — might be required as an interfage to the

4

computer. - / ’

As formats become standardized and microcomputers are

integrated into. every level of communication, fewer modems

will be required as translaters. '

>

. Digital switching techniques have also improved channel

utilization by pinpointing and using every available position
within a transmission medium. T /
For example, in a normal phone conversation using-full-
duplex lines, the transmission portion of a person's equipment
. is not being utilized when he 1is listening.,, and vice versa.

- Large corporations can save money by allowing a digital -
computer to control the utilization of its available commu-
nication channels and, therefore, do more -with less.

This is only one example of many methods that will be-
come increasingly commonplaéé as the era of digital communica-
‘tions arrives. '
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EXERCISES

4

1. What ratio is measured in decibels? What is the

’

abbreviation .for decibel?

2. Nhat do the following abbreviations represent? ‘
a. FCC c. .PCMY e. TDM g. PPM i. AM
] b. PAM d. PDM £.)CW h. FM j. FDM
3. Define the following terms: . .. .
a. Crosstalk. ] - -

b. Muitiplexing.
‘. Modulation.
d. Protocol..

4. ' (from Figure 1):

a. In what frequency ranges do most of today's-com--
munication transmitters and receivers operate?

b. The electromagnetic spectrum has begn divided
up into bands that are hertz wide.

5. At what points does noise generally entér a communica-
tion system? )

6. A baud equals - cycle.
7. The Nyquist rate equals the bandwidth.
8. What is the difference between bandwidth and channel? -

LABORATORY MATERIALS -

‘Microcomputer (Comﬁgiore KIM- 1) {’\\\\\ "

Power Supplies. (+5 12, +9, or 9 volt bagtery)

Cassette tape recorder. / .t

Osgllloscope :
Small strand of fiber optic cable o

~

- ..
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The féllowing transistors: . ' ' -
1 2N2907 - 1  2N2647 of.2N4891
1 FPT-100 photo transistor R

The following integrated circuits:’

1 MC1458 1 LM386. ,
The following resistors: N B

o1 1.2 k ohm 1’ 5 k ohm .1 100 ohm
1 2.4 k ohm 1. 15 k ohm . 1 100 k ohm
1 3.2k ohm 11 200 ohm " 1 10 m ohm
2. 10.0 k ohm ‘1\ 1 k ohm )

The following capacitors: ' ) e
1 0.Q47 uF 4 0.1 uF 1 220 uF
1 0.022 uF 1 -10.0 W ©

1 8-ohm speaker .
[ o -
"1 GaA (900 nm) LED i

3
| s
-

_LABORATORY PROCEDURES @ |

In this laboratory, the student builds a fiber optic -
* communication link, amd uses the KIM-1 microprocessor to

generate data. These data are the? checked with an oscil-

loscope. v ' ; i ‘

Briefly, the advantages of fiber‘optic cable are the
following: ' A . ?
1. Glass and plastic fibers are gmallér and lighter than

their copper counterparts, yeti have a higher bandwidth.
2. Eventually, the price of .fiberloptic cables will be

much less than the price of metal conductors. This is

because the basic raw materiélﬂfo} fibeT optic cable

. is sand. Co, \

\
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. required for this lab, any grade of fiber optic .cable should

e Some -of the current manufacturers or suppliers of flber

’

" FibeX systems are impossible to jam, and the s1gnals

are very d1fchult to intercept. =

4. Because of the non-electrical nature of‘light-frequencx~’/ S
communication, fiber optic systems are immune to elec- -
tromagnetic interference. Fiber optic Systems’ can be,
used in environmentally dangerous‘situations, such as .
éxplosives dumps or gas-filled-rooms, with no’ danger of
electrical spa?k. They are also useful iﬁ'hfgﬁfénérgyf“'””““*“““"”‘
producing areas, such as electric generating plants,
where electromagnetickipte;ference is high.

5. Glass fiber'resgﬁrch is continually dfvelopiné'fibers
with lower and,lower attenuation. Attenuation in glass
fibers is now'well below 1 dB/kilometer, making poss1b1e

long-distance links with fewer repeaters. .
6. Glass fibers are stonger than steel wire of the same
‘ diameter. . d )

These are some of the reasons why fiber optic systems are

.

now replacing wire and microwave Iinks. )

Most communications 1ink3% require graded-indéi fibers, '
which have light transmission characteristics that enable N
high ‘data rates. "However, for the small transmission distance

~

work. . . ) : e ’

R

optic cab&gllnclude Edmund Sc1ent1f1c, ITT, Corning, Valte%
Siecor, DuPent, and Quartz . R ;

Fibers may be cut w1th,a knife or- razor blsde. If pos-
sible,.examine the cut with a 50-power, phono-stylus micro-
scope (or a printer's eyepiece) to make sure the cut has no
burr\or jnicks to aiffuse light flow. LenOths of one or two
feet wi be suff1c1ent for this laboratorx )

?
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An easy way to. attach the fiber to the LED is By heating
an awl and melting a. small-hole; (about the sam§ diameter as
- the fiber). through the epoxy protection directly over the LED
chip. . Be sure to test thg'chip after producing the hole to
.- ‘ensure a bright light source. The fiber may be secq%éd in
the epoxy with Eastman 910 Adhesive, or an equivalent. ,
-~4—~w<~~~mwww~~Whe~~a%%aeﬁing~%h§~£iber to the ototransistor, make
' sure that the transistor is shielded fram any spufious light.
. ' The schematic diagram ®%or the transmitter and receiver
circuits is shown in Figure 5. ‘ :

The 0. uwF capacitor across the power supply-pins of the
op amp in the receiver helps prevent violent oscillations..
— Never use an.éarbhone to testfthe output of an.untested re-
ceiver, as the sound pressure level m}ght exceed one's pain
threshold. ' ' . ’ :

‘This transmitter communicates by PFM, or pulse fre-
quency modulation. All bursts ofi 1ight that indicate in~-

- formation should have the same amplitude. This "allows a'
threshold circuit in the receiver to block. lower amplitude
) noise. ' R ' e
. When unmodulated, éhe transmitter sends a‘constant
sers‘<?of pulses at:the same frequency. Slvnals applied to
1 the fransmitter caused proportldnal changes in frequency to

w»

communicate information. ) - .

Changing R4 adjusts the comparator; R2, the gain; and
- RS and C2, the tone response. a . g . -~
- ’ Use the sound synthesizer program from the laboratory
R from Module MO-01, "Qemputer Codes,” to generate signals at
\ports lisfqd in the Data Table, and then alter the addresses
« - as described to generate different op codes. Describe your

results ih the Data TFable.

%
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< .; . Use the oscilloscope to look at .. : ' -
a. '

A T -
c.

. = d.

the signal being generated by KIM.
the pulse signal to the LED.

the output from°the phototransistor.
the output to the speakKer-. " !

K Use the foilowing ranges on the oscilloé&ope at each.
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DATA TABLES

DATA TABLE

~

.C.

Address

0000

70001

0002

0003

0004

0005
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1. What inherent characteristics enahle digital communica-
. tioﬁ\go have a lower signal-to-noise ratio than analog -
, communication? ‘ ' ’ y
3
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2. Why is ixqﬁmportant to utilize communication channels
efficiently? Namg and explain two methods ,of doing g
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3. Why is attenuation undesirable? .
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' 4. Identify thg.modulation techniques below as{being analog-
or digital, ‘and explain why.
2. Pulse-Amplitude Modulation
- - M (
. b. Pulse-Duration Modulation -
¢
c. Pulse-Position Modulation
) »
~ N ‘
.d. Amplftude,Modqlation
e.  Frequency Modulation ,

.

f. Pulse -Code Modulatidn
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" 6.

ERIC

Aruitoxt provided by Eic:

Why is serial transmission used more frequently than

parallel transmission?

Define the térms '"simples,"
"full-duplex."

*
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"half-duplex," and
3
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7. What does modem represent and ‘what is its purpose
Ve .. . . ! -
in a communication system?
~ 14

8. What is the difference between a medium and a message?

¥
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. INTRODUCTION -

v [

The bus is the '"spinal cord"” of a computer. It provides
ot . the main-line of communication between ingelligencg in the.
system (the CPU) and all other parts of the computer. ~
. The characteristics of each microcomputer's bus config-_
uration are important. These characteristics determine the
ease with*which a system can be expanded to in¢lude more mem-
bny, pheripherals, and acce%sbries now available from many
different manufacturers. - . ]

“) ~In this mgdule, thg §Fudent will take a closer look at
the bus system to see what signals travel on it and how indi-
Gidual components are connected to it, both logically and
electrically.

R . _ PREREQUISITES

L

¢

The student should have completed Modules MH-01 through

MH-05 of the course Microcomputer Hardware.

A}

. | | , Q __ OBJECTIVES

3

Upon completion’ of this moduie, the student should be

3 able to:

1. Define and illustrate the term "bus." : .

2. Cite and describe the functions of the three major parts
N of a coﬁputer bus. . ~

. 3. Identify .the following terms:
" a. Motherboard .
b.  Plug-compatible \ ‘ ’
* R .1 . . -
. ' : MH-06/Pagze i




‘ C. Bus drivers
d. LSI-11 bus
e. S-100 bus
f. Multibus
g. STD bus »
) 1
e
/
-
5
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SUBJECT MATTER
/o

CHARACTERISTICS OF A BUS . -

- v

The bus system é& a microcomputer is the physical path

over wﬁicﬂ§§he electrical signals carrying information flow
i .
he

between the various compbnents of the computer.

It is important to know theé characteristics of the bus
structure for several reasons. One reason is thét, when
purchasing a microcomputer or migrocomputer-based system, the
specific configuration -of the bus system may play an impor-
tant role in the future expansion of the system..

Many manufacturers have adopted common busing system
configurations (such as the S-100 bus, which will be discussed
later). As a result, there are many more reqﬂily available -
and less expensive — components for microcomputers using these
busing systems than those that utilize other, less common sys-
tems. These modular, stand&r@ized design schemes for buses
used by most manufacturers ease the problems associated with
interfacing computer peripherals* to a specific microprocessor.

®

. &
SIGNALS ‘ .

e

When repairing or troubleshooting microcomputers it is
necessary to know the details of the internal ‘communication
system of the computer, -

“ The specific signals dommunicated within the computer
fall into three main categorjies: address signals, data sig-;

nals, and c6ntf%k éignals. As a result, three separate

vaae

*Peripherals: Devices aonnected to a.computer to provide
-communication (as input, and output) or auxiliary functions
fas additional storage).

-

A
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parallel ' p1pe11ne" systems exist within ghe m1crocompunyr to
3(

- carry these 51gnals back and forth. - i

JF
> . yof - »
i

~
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Address Lines '* - s .

Address linés‘éarry the signais that convey the loca-,
tion of information in HAM or ROM memory, either internally
or as a‘peripherai memory device. The information contained
w1th1n the'memory at these locations 1is requlred for process-
1ng, or they glveadlrectlon to the computer. Wost microcom-

puters have either 8 or 16 separate lines in the address bus.

~ 4 ) 1
.

Data Lines ' oL

. -
N A . \
-
.

o Data lines — which normally total 8 — carfy the instruc-
= tions and/or data that can be found ‘at the ad fessés which
.. . have been selected by the signals on the addr ss bus Depernd-
ing on the structure of the m1cr0processor ‘(wh ch controls
the flow of data on the data bus), these lines’ can be bidi-
rectlonal and dedlcated to a specific functlon, such as MEM»—
ORY-DATA-IN only., or I/0-DATA-OUT only. \
, \ . ‘ . .
L) "‘ o | )
'\Confrol Lines R -
- = _ The control lines include the master clock line, which
- . coordinates the operatlons of the various components within
< - the mlcrocomputer. Thev also lnclude .other dedicated control
lines ‘or functions such as READ, WRITE, HALT, RESET, INTER-

RUPT REQUEST, and FLAGS.

—— ~ \
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MOTHERBOARD . ’

« Most microcomputers are built around a "motherboard." °

A motherboard consists of a printed circuit board that has
many connectors for other printed circuit boards. These cir-
cuit boards also have a common bdsing scheme (including iden-
tical operating voltages) which might contain the,ICé, capac-
itors, resistors, and so forth, for a real-time .clock, addi-
tional memory, speech recognition, peripheral control cir-
cuitry, or many other functions. '

The KIM-1 is-a single-board computer, although an expan-
sion motherboard is aailable for the KIM series.

The, term "plug-compatible' is commonly used to identify
boards that will function properly without modificati?h when 3

.

connected to sPecified systems. . \
S

4 . - 4
-

~

COMPARISON OF BUSING SYSTEMS

e

The S-100 bus, the:first widely accepted busing'standardf
was originally developed by MITS, Inc. for the 8080 micropro-
cessor-based Altair computer. The name is derived from the
fact that there a%@ 100 pins in the connectors for S-100-com-
patible boards. &chough other busing systems are gaining in
popularity, S-100-based systems and'acceSSOries are widely
available. o

Table 1 shows a comparison between the S$-100 and three
other common bus systems, which will -be'discussed later.'c

-
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, TABLE 1. COMPARISON OF POPULAR BUS SYSTEXS. .
Characteristics = | s-100 | STD - | LsI-11 F\fiultlbusT”

Signal Pistribution 105\ 56 72 ~ | 36

) Address 4 16 - 18 20

, A Data _ - 8+8 8 — 16

. Control . 38 21 18 . 18

' Interrupts * 8 1 1 8

‘ ' Grounds 2 4 . 8

, 1 *° Power" ‘ . 43' 6 b-‘ 9 - ‘. T 16

o - | Spares\\\\\ ‘ 16 0 - 18 0

¢ (- - | . P
Features \\\\ 3 ’ v ..

#Voltages . 3, 3 3. L
; \Regulatlon No~_ | Yes = Yes Yes
oo, Battery Lzh 0 0 2 “(Aux) °
¥ 1 Bus Arbit tlon . No No. > No " Yes I
. *. - 3 A, Y '
Dimensions » . NG Coe
Height, in 5.3 6.5 " 8.5 . 6.75
Width, in ° 10 ) 4.5 ) ¢ S.2n [0 N\_12
, ‘ ’ 1y :
—’ )
) : 4 N
- / . &>
~ "TIMING AND SYNCHRONIZATION .
' o /’/‘ a

s #” El . .

. * ;
The_terms'”enabléh and ”disag{;” are helpful when analyz-
ing the way a bus system operateé Waﬁy times, the control
signals on the varlous control lines allow functlon> to oteéur
onlv when they are enabled by a voltage level o01ng HIGH or

4

Low. ) ’ .,
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.. ' . Im‘the case of bxdlrectloﬁal 11nes 1n a data bus, the
control lines "READ" and "WRITE" (for etample) indicate what

T the.tntended purpose iS5 to be for the signals present on
M . “those data lines. R ! PN
¢ . When the READ 11ne is enabled, the signals on the data

s

, bus represent 1nformat10n going to the CPU from a memory lo-
. -j; «ation. If the same, data were on the bus when”the WRITE line
» WaS, enabled ‘the s1gnals would be.interpreted as intended for

s . storage into memory at the address currently be1no indicated

.

. by the address bus . ' LN ’
o :' The tlmlng and synchronlgatlon of these opfratlons are
. critkcal.” Since it is fot posslble to be reading and writing

S data on gﬁe data bus at the same time, the READ and ‘WRITE

’ functloﬁs normally share °the same control line, with.one of

. the”’ functlons operatlng under reverse logic from the other.,
Flgur% 1, illustrates th1s principle. If the READ func-

8®

- T tlon is- enabled when. the control 11ne is HIGH, the WRITE func-
ft“ Aion is ‘enabled when ‘the control line is LOW.
v ] & ,35‘VQLTS .READ ENABLED

IS “- T4 - ~ .
v B3 . - . .
) g ) ~ - -
o YOLTS WRITE ENABLED,
- LTS ™
. - o . Q
C o« . % Figure 23 The Status of Onie Control Line- Indlcates
L ", the Destlnatlon of Data on the Data Bus.: -
-‘-(r ; ,' : c. ’ ¢ ’ - . ’ ° li . M * °
x -' s : vl

: ")« The, cvclzng bf the Master clock line generally ‘uéttions

L as 2 trlgcet that ”nltzates the operations hlthln a computer.
‘e . . . o | N
f: o E ’. J"‘I .' - ~ ’ ] 2 - ) a. ¢
. . - » ‘,__‘ .- - - etar T, o . . N °
] w ’ ¢ T e ’ s 4 i ‘\ . .
T ’ . ’ ¢ : H N
. ~ * . &, . “ = LY 3 : S ) e . ® -
-, . . " . . . ,
)“. ot . . [4 . , . . .@ PY . . ' - . ’ .
\0(4.'-' ¢ ¢ ) ‘ “ » \‘ . -2 . ’ v d‘s 4
s s e e . - "~ MH-06/Page
. . A A .t I 2 - o
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especially I/0,.the strength of the sig
i ~ ‘

Buffers and latches serve a's holding tanks for data so
that data intended for the data bus as information going to 7
to the ‘CPU is held until the completion of a WRITE cycle,ofor
example. . ) '

. Another type of device, called a 3-state (or tri-state -
transistor) is also used in}data'bus structures. These de- ) .
Yices can operate at normal high/low logic levels, but can
also operate, in a high-impedance state that is interpreted -
as NO DATA by any device trying to read data from the line
when it is in that state. This ability serves as an added
method of coordinating the delicate timing and synchronizagion
of signals on common buses. ' . "

.Of course, individual lines could be run for each nec
essary function, elfminafing the need for the common pathways R
that serve as bus systems. However, each square, micton of
space of an 1ntegrated circuit Chlp is valuable, and -each

area devoted to bus circuits takes away\eiece for more\K001c. y

.
- «
LI

circui try.

.Because of the small distances required for the signals
on an ON-chip bus to travel the gzgnais themselves do not
need to be vetry powerfyl. In designing microcomputer systems .
engineers haye.kept most pof the ICs that have to communicate

T

with the CPU'in close proximity to the micpoprocessor'cﬁip.

As a result, many of the signals eminating from the 40 pins -

on*a miéroprocessor chip travel back and forth betweeﬁ\imme:

diately adJacent ICs and nowhere else. - o .
Short dlstances keep signal, power requlrements lower and B

improve operaplpnél speed. However, in soime ‘app {caeloqs,, -

on' the bus must

“be increased-by devices known as 'bus drivers.'" - D

L e - R , AT
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Most general purpose microcomputers are equipped with
bus drivers powerful enough to successfully communicate with
as many devices (receivers) as necessafy in a normal applica-

. tion. ’ ‘ . : ' - . ’

. o - ‘!6';‘
BUS INTERFACING SN :
]

Prior to the purchase of peripherai.equipment.and to an
« attempt at interfacing, .one should always check the followiﬁg
specifications and considerations: ‘ .
The characteristics of the signals. . ) . -
- The timing relationships of/the-signals.

’

In addition, the physical means of interconnection, (bus
.thnéctors) s well as the physical dimensions of the modular
units, must be compatible with .the system in question.. ' -

. L

Al
o N ‘._/\ . + ! ,
e 2 ‘ . .

< Bus Connectors & : ¢ .

Bus connectors can'range from Si_to 100 pins, conFaining;
not only the'address, data, and control 'lines but also power
connections and pias for future expansion. : .

Many systems have helped .dPminish the adverse effects
o{ obsolescegce by allowing such "spare'.pins. For.examplea k'
a majority of microprocessors are based around an 9-}ine data
bus. Busing systems which have the p1ns for a 16-line data o
bus mahe upgrading as easy’ “as pu111n° an old’ pr1nted c1rcu1t N

boa*a and replacing it with the updatea.»e*51on

K




- The STD bd%;;jfveloped by the Pro-Lo

"
K ~

- Physical Dimensions' - . ‘ ' : ¢

o 5 N
a - . - B 4 v & o e -

. " The physxcal d1men51ons of the board’ "itself are defined
‘in terms of the:%elght of the card (or the- distance .between
., the connector edge and the one opp051te 1t9 -and’ the w1dth (or
the dlstance between the ‘two remalnlng edges’) . Almost all -
~computer prlnted c1rcu1t bhrds have all the connectors on

-~

one edge. ' - ! o e

Types of Interfacing‘Bus Systems o
s , ' ' -
Drgital Equlpment Corporatlon, m@nufacturef of the -
famoug PDP seried’'of m1n1comguters has chosen the LSI- 11
bus system for its m1crocomputer llne The LSI- 11 evolved =
from ‘the company s-experience with the earller.UNIBUS -al-
though the two are not compatible. ?he LSI-11 bus is TTL

“

~compat1b1e . -

e The MULTIBUS systtm was developed by Intel -in 1973. " Tt

is also TIL compatibtle. The *MULTIBUS™ systesq 1s~Un1que in
that it ¢ontains a-60-pin aux111ary connector in add1t10n to
its 86:pin standard connector. The aqx;llary connector can
be used for ‘custom designs-and for automati testing.
g’%%mpany, and the
. S-100 mentioned -
m}cnoprocessors (microprocessors that uee 8-bit words). For--
}- this, reaehn» some experts féel that the WULTIBUS and LSI- 11
wxll becoMe the &ominant busing s»stems in the futute. . .

lier are both designed primarily for 8;bLt

N p Spec1al 1nterface cards are being developed thag W111

allou m*crocomputer users to interconnect perlpheral cards

"' . ‘ with uncpmmon pus :ystems -1z is likely that the most popula*‘-'

‘bus 1nterface card wlil be an S-100-to- WUL?IBUS 1nter;ace
NI .. ¢ . .
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because of the wide range of S-100-based cards in existence.
However, sjince the S$-100 bus is slower, it will be the limit-

‘

ing factor in the sp%gd of such an interfaced system.

Documenta't ion ‘ -
.. < |

Documentatlon is -an 1mportant factor in interfacing bus
s&étgms. In addition to complete timing dlagrams, block dia-
egrams indlcatlng the number of lines per bus (whether or ndt ‘
they are bidirectional) and the modular components they inter-
cohpect should be shown. Diagrams labeling all pins should
be included. . \ ' ) . .

In mode}n microcomputer systems, with many interconnected
peribhéralijhaving features such as VECTORED.INTERRUPTS and
MEMORY-MAPPED 1/0, the control of 'a bus at a given time might
fie’wiqh the CPU, or it might lie with'ah external device.

"~

in terminalogy im descriptions and dlagrams
For exahple, Figure 2 below illustrates how the three
major-bus systems within all microcomputers 'are linked to-
gether..': ‘
ADDRESS 8US
: — 1 1 1 1
B DATA | [PROGRA ;
STORAGE] |STORAGE

cru T_r

. . - l comaot.l BUS l, - ' N

-

'BIDIRECTIONAL DATA. 8us .

Figure 3. Relatlonshlp Between Three Major Busés

and the Components of a Sficrocomputer. - .

.. .{DMA indicates peripherals with Dlrecu Memoryv Access.

- ©
. [

. .

-jHowever,_the student should be aware of-the variations

23
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Compare this fig‘ure with the sysAte_m, diagram for the KIM
microprocessor in Figure 3. This.is t)‘rpic,al of the way the
internal parts of the CPU will be shown as individual function
blocks, along with buffers, latches, and so forth.

A}

' A . .
° | ' \ 3
‘. . M
. 7 i
. .
|
' ? A -
A ’ .
S -
s
© s . - -
(»’
: -
'Q. ’ +
, -
.
P * - ' aJ
! -
\ : * .
v 7
1y
o » oY ~d 4



E

RIC

.
Aruitoxt provided by Eic:
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11t
/ _ R 171 ,
o o < :
* sesree (<] | aTeRRur? ,
FY LER o H . T ~
1
82 - . .
A 'kl‘(ilx =
AR) nd ~ bt R0'Y
e R N = ‘ .
. =z RECISTER
i . 3 i5) : '
[Y | gy 5 .
|
L T N
;A g - nat R—
! ALY |
| AS? = wé - > s
& 4
ADORESS §
= ' z '*“_._l {
ASE o= = , -{Z mmarand fest—
. 3] e ] s, y
Y AR = ys
.. = r— A 8301
i . z - . L] bt 41 118) /
7 . A810 - 4 — . . oy i *
' . - =) ! .Q'-L—lgd.'n :
o AR - i f— [ o 14830
-0 - R R ‘,(L’O
PI I - . = atcutn STERATOR [* AT (6302.0.49)
! N - Py : ™
- A f -
‘ A rr . g 3y OUT (65Q1)
. As) ot y wuros * K ! 4 L e fyouT 6501
- L i L
. A e one
. cATA RS [ H INSTRUCTION
g " asts =l . JUFFER RECITER )
N T anan - ITEERRRY) -
i ; { P — o 089
T o1
i L os2
. ﬂ-cu‘ruﬂ - - 083 OATA
. T o 084 i WS
s T - 08s t
| erurune At - .
. — os7 -
, g .
* 1 Y . . .
. 1. CLOCK GENERATOR IS .NOT INCLUDED ON MCS6501.
¢ 2 ADDRESSING ~CAPABI'LI‘I"'I' AND CONTROL OPTIONS
; VARY WITH 5CH OF THE MCS650X PRODUCTS .
Figure 3. MCS650X Internal Architecture.
' . . ) P -
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EXERCISES

rd

-

“Usiné Figure 3 of this module, answer the following
questions for practice, in reading-diagraﬁs. .
1.  How many address Iines are shown on the address bus®
, They are labeled . through , .

.2, ' How many lines are sHown in, the data bus? . -

+

“ They are labeled through

-

-

3. Which block appears to be the primary component of °
the CPU? The .

4. Which of the following component blocks shown in the

diagram could also be part of the CPU?
a. Prograp Counter Low (PCL)
Program Counter High (PCH) |

-

Accumulator_&f)
Arithemtic Logic Unit (ALU)

Stack point register . .
Index registers (Y and Z)

Interrupt logic _

Process status register

= 30 H @ A 0O O

Timing control

S. The reason the address bus is divided¥into sections is

* . Dbecause . © - o

a. There are two sets in case one' fails; there will
be anothesr address bus ready.
b. This compute}'uses an 8-bit word, and by - using
_two words to séItct a memory address —o(Address Bug
High (ABH) and Address Bus Low (ABL) - the computer
- can use a much larger memory }han if it only had

. 6! gone 8-bit pddress bus. .

¢
I -




_LABORATORY MATERIALS

"Microcomputer (Commodore KIM-1) @
4 ASKII keyboard or supply board kit

LABORATORY PROCEDURES

Bus structures play an integral role in the expansion
of microcomputer systems, as well as in the interfacing of
multiple micrbcomputers. ' .

As mentioned.in the module, those systems having the
widest distribution (especially in _the hobbylst market), such
as the S-100 bus, will have the broadest range of expan51on
and interfacing data available. '

Many m1crecbmputer maga ines are avallable featuring
a w1de variety of artlcles each month on a specific expan51on/
1nterface technique. N

Since the KIM-1 was one of the first single- board micro-
¥y computers avallable many hObbYlStS and computer enthu51asts
took advantage of its low‘price and simple constructlon to

become more familiar with microcomputers. T .

(For example articles by Don Lancaster and Jim Trageser
Tt 1n the magazine Kilobaud show how to add ah ASKII keyboard
and video display to the basic KIM-1.)

PROCEDURE ¢ »oo \

P4 .

The addition pf the ASKII keyboayd is desirable to im- ~
prove the ease with which human operators !'communicate"” with
the microcomputer. Figure 4 illustrates how the interconnec-

tion is made. - o

LA . . L
Page 16/MH-06 . . . e




A
INVERTER

———— A ‘N
- - ADD IF ‘NECESSARY

| EXPANSION [ N/ // \ s

ICONNECTOR| iRG -—-*:X:] = ;

| : ASCII +5V

| i \ / | . KevBoARD

I ( pn’l " ———sTROBE N l

| < \ .

I pas } by o

~ Vi -

' PS8 - < bg * 1

' 3 - A ey

f PAa S - bg - ° .

; A PA3 2 ' by : ‘

P~ 3 b -

appLicaTion| A2 3 . ¢
lconuscmn PA1 [4 bp

| a0t ' by -

| . T .
1 ™ GND : ’ coM

l = //o\- ' l

! 4 .

Lo KiM1 Ty

Figure 4. Diagram for the Addition of ..

ASKII Keyboard to KIM.

’

- €
a

The keybggrd{;sed in"Figure 4 is a 7-bit parallel .output
keyboard based on tfie ASKII code described in ,an ehrlie; mod -

ule. . ) v N

Connections are made using ports PAO through PA6 on the -.

-

application connector.

A e

This -
ilired to pre-

. Notice that PA7 has been connected to around
connection, called "tieing a line low," is re
vent the KIM from interpreting the signal on this ﬂ;ne’as a
cursor bit. ‘ R - ‘

. The particular keyboard used should have poeiti&éw rather
than negative, trugkloglc. The strobe output from .the keyz°-

" poard should normally be in the HIGH STATE and_PULS PULSE LOW when
the keyboard is active in order to work properly | when~cen-
nected to the IRQ (Interrupt_Reque;t Port) on the K%M.expan- .
If it is not,

sion board. it can be inverted. ; o

o~
.
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k)
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‘ The only add1t10n31 connections requlred are the p&ier
circuits.
(Klts €EE§ASRII keyboards or supply boards can usually
be obtained for around $50.) .
- : An article in the J@ne 1977 Kilobaud iflustrates the
RT tb th® KIM. . >

addition of a
If the TIT unit described in this artidle jis used, the

strobe outpft from. the keyboard in the diagfam should be //J

connected Ao TVL-6L pin 3, while the qd%pu pin 4 is con-
nected to the KIM IRQ.. o » . M___M_-ﬁ .
N iy In addition, fhe trace connecting pin'9 of IC-4-to-

ground should bé cut; and/a jumper should be soldered between

. . pin 8 and output pin 4, and between pin 9 on the IC and input
pin 3. ’ ' .
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“ L - . TEST

.
o A
. . ’

N . B

v I. Vame the three types', of 1nt7rna1 buses in a micro-
. 4 Computer. \\Y:> ‘ ) o ’ .
a. . ' .
- b. . . ’ R ‘
& C.. . , . Lor .-
¢ -
2.> The dev1ce that features mu1t1p1e connectors for
’ :lnterfac1ng per1phera1 cards with common busing, .
) ” schemes is called a - B P . L
3. These dev1ces ‘hold data -until 1t is t1me for,thei P
to be placed on the data bus . ) .
- “ultlplexers s s . “»
) . b. * Buffets : . B : . o
e, ﬂDfivers " . PR -,
: .- d. . Tri-state ’ .
4; ) These'devices amplify signals on the bus.
' a. Tri-state, e k ) S \_ .
) b: * Buffers ° . ) . . .
c.’ Mierons.‘ e L .
d... Drivers
-5 These deVices' have a h1gh 1mpedance state wh1ch corres-
' ;‘ponds to NO- data. . . .
. 4. Wultlplexop ’ ‘ ‘ c
*. ' b. " Driver . .
. c.  .Tri-state e , ' *
© o d Microns | ' 'j' o .
i ' ?
;
¢ - - e e " ' ) - '
- ” ' .
ST ot 'Q“ . , ¥ - )
. ’ T - » !
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6. Check the following functions that were mentiored-

specifically in the module as being control functions:

____a. READ. - .7 D ) .
" b.. HALT . : S o
S _ - €. RESET ' ” o
’ _+ -d. CLOCK = : , L
o ____e. MOVE . -
___£.7 INTERRUPT REQUEST - .
__g. FLABS . . E : -
: h. ®us L / Y

7. FiIl im the blanks of the following quest1ogs,G1th the

AN {let;ers which correspond to thé proper bus system.

- a.  §<100 ,bﬁdLTIBUS ' LSI-1L  s.d.,
“ - . " -

- " _____ The: system w1ﬁm§the most’ perlpherals ava1lable,,
today - g, '
Developed by the D1gital Equipment Corporaﬁ%on
e ' ;___fTwo systems deslgned pr1mar1ly for §-bit m1cro:

pI‘OCGSSOI‘S

" 1° » ‘ .,

e *

Has 16 lines for data bus.

-

v Developed by Alfair. for the 8080 m1croprocessor.‘,"

T . : Developed by’Pro-Log, has~ the=fewestwgonnectoﬁ
s — - L. . ® b . 4
~ “ . plns. o N ) ! '} - A e
- Wil probabfy be the bus system 1t%erface mos .
! ] - £l "‘"}»3."“ e
PR . w1de1y used ' S ) ~-
- - . Most- evperts feel that, the twd domindnt- bus§ng N
. . PR
.sVstems of the future w1ll be: ) and 4
Aogo L
/ . . o Ot .
. \ Y N . ' -:' o ’ C s ) - ‘< . R
. « P , ' - <% ° ,
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INTRODUCTION

This module, MH-07, "Iroubleshoofing Microcompdte}
Components,' provides a starting point for trying to under-

stand what is wrong when a microcomﬁrter does not work.,

. " PREREQUISITES

The student should have completed Modules MH-01 thraugh~
MH-06 of the course, Microcomputer Hardware. o

> .

\ , . >
‘ ' QBJECTIVES

L}

Upon completién offphis module, the student should be

able to: "

1. Identify microcomputer integrated‘circuits (ICs) and
determine their logic and function from manuals.

2. Locate the sqﬁrce of static hardware difficulties in
small mictocomputer systems.

"3. Idéntify the functions of test equipment, such as logic

analyzers, as this eqdipment'is applied to the.idynamic
testing of microcomputer equipment.

,4. Iden}ify the following terms:
a. Troubleshooting ' o
b.. Self-diagnostics ° a
:c; " Logic probe )
d. Logic pulser
e. Current tracer .
£. 'Logic clip )
g. ' Logic analyger
h. Logic comparator
' -

co . ) MH-07/Page 1




i. Program tracing
j- Single-stepping
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,- S ~ SUBJECT (MATTER

" In previous modules, the student has been exposed:to the
various components that make up a.microcomputer system, as
well as to how these&components‘work together to achive spe?
cific rgoals.

One of the primary benefits of this exposure w1ll be *in ¢
identifying and repairing‘a m1crocomputer malfunction.’

. , In order to design and manufacture electronic devices,

. humans hgve created complex machgnery to expand their senses
"into the world of very small and very fast electrical phe-
nomenon. i . . .

Microcomputers have become comprised of fewer and fewer
discrete components and more and more integrated C1rcu1try
This means that the exact nature of what is happening inside

:va m1cro§omputer has becomegincreaS1ngly invisible to the hu-
man observer. The use of test iistruments as translators of

g these electrical events into abstractions that.are meaningful

to humans enables'detaiIed analysis. This anélysis can pin-

& point the causes of malfunctions. This prdcess is called

-

troubleshooting. ) S
' The instruments used to analyze microcomputers are some—
‘times more complex than the m1crocomputer 'itsel'f, However,
the use of these instruments can greatly improve the speed
. . and effectiveness of m1crocomputer repair. ) . e
Troubleshooting is not the same as debugging The term.
"troubleshOoting” ‘generally ‘assumes. that the mLcrocomputer

has at ope time worked properly, in terms'of.both hardware

and. sg . Debugging involves working_out7pr¢b§ems kn-the

-

‘ming errors for software) and those problems caused bv hard-

ware failure. ‘
. ] . ) )

\ ‘ ‘e
. s . . MH-07/Page 5




Troubleshooting mrcroproceésors and microcomputers will
become easier as technology moves further away fxom discrete
components toward modolar replacement™’and self-diagnostics. »

* More and more microcomputer haroware is oeiné designed
wpth these self-diagnostic features. Self-diagnostic featuxes
inciude programs that perform internal circuit analysis that

a1ds 1n pinpointing ¢omputer malfuncﬁlon Some diagnostic pro-

grams are so sophisticated they can pinpoint a problem to a
specific, integrated C1ﬁcu1t chip on a‘particular board.
) Even today, the circuits contained withln. an integratéd
circuit package are not accessible for-troubleshooting. If
the device fails to operate properlya it is simply replaced.
Replacement does, however, require a knowledge of IC p1n des -
ignatiogRs and internal/functions. ' . '
It is possible to enlist the microcomputer's help in
identifying a problem. This capability, coupled with the
trend toward modular replacement, dindicates that the student
w1lljprobab1y need to do no more than isolate a specific mod-
ular component or. IC board ¢ontaining the source of the prob-
lem. The faulty component can then be replaced with,an iden-
tical component from an on~site spares kit. “ (

Most of today's m1crocomputer manufacturers offer spares

kit capab111ty On contemporary equipment, board or component'
repairs can be made at reglonal centers; -thé part is then re- -

-

tur%%d to the job 51te to become the new spare. )
But for microcomputer equ1pment that dees not have thlS

capability,. logi® probes, logic clips, osc1lloscopes ‘and

logic analyzers are necessary in order to do an effectlve JOb

of troubleshooting.
4 \ . . .

‘ ’
'
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~ " A
INTRODUCTION .TO TROUBLESHOOTING EQUIPMENT

A S p

. . .-

Most of the equipment used to troubleshoot microcomputers
is the same equlpment that is used to repalr or analyze any
digital electronic équlpment
A -Above all, the student should read and be famtliar thh
the instruction manuals-governing any test equipmeng/— as
well as manuals that deal with the microcomputer itself.

Most of the voltages within a microcomputer‘are less
than.5 volts. However, the 115-volt line input to the main
power supply — o% the 9,000-volt anode voltage for the cath-
ode-ray tubg (CRT) used 1n many computer termgnals — carries

. .Y suff1c1ent :Eectr1c1ty to cause death,lf improperly handled.
: One must use only shielded, high-voltage, television:
_servige-type probes when measuring voltages associated with
CRIs
-~ - .One must connect the ground of all, test instruments to

~

the ground of the m1crocomputer being Serv1ced Use of an
isolation transformer ;s recomménded if there is a chance
that the microcemputer ground £4is connected to either side.of
the powef line — or to any electrical thential above ground.

ected

In-a defective microcomputer — or any electrizal device

™ for that matter — high voltages ﬂ%y appéar in unex
places. : R
One must not forget to bleed.charged capacitors. Care
-should ‘be ‘taken that test leads are not placed where they can
" short out portlons ‘of the mlcrocomputer circuitry. It is
best to connect test’ leads to thh voltage p01nts withoyt
ﬂouer ito the mlcrocomputer One must also .check the teft
leads for damaged.insulation that ‘might cause shorts. est
leads snou}d be disconnected as soon as the test has bedn

* completed.
. * Q

MH-0"/Page 5°
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When working with high voltages, it is always preferable
,to have someone nearby to assist in case of an accident.
7 » ' ~

I .. - ‘
LOGIC PROBES AND PULSERS
~ ’ .
Logic probes detect and indicate Iogié levels. A typi-
cal logic probe will glow dimly when not in use, or when a
. measured level is bethe;ithe voltages required for a logic 1
and .a logic 0. A logic probe will glow brightf? to {Qdicate
;ogic,l; If the logic probe does éot glow, this indicates
logic 0. When measuring pulsating inputs, the probg light
will flash at a slow rate for cycles up t® a specified level.
. The probe light flashésugt a fast rate for cycle rates abowve
the spec1f1ed ‘level. X ’
: An open circuit or'a hlgh 1mpedance state found in three-
“state devices will cause the probe llght to remain dimly 1lit.
Probes are normally used in conjunction with logic puls-
ers, a similar hand-ﬁeid device that injects controlled pulses
- into digital circuftry This enables the testing of loglc -4
Py gates and other ICs 1ndependently of the computer

\

. Both devices may be powered from,the.mlcrocomputer power

. supply or from regulated d.c. power supplies-— if the grounds
from the .microcomputer and the separate power supply are con-

.

ned‘gd together. . . - o ' ;. .
§ / . ,‘
CURRENT TRACER . N

v L X g i
" Another hand-held probe, a currept tracer, helps locate
shodt ‘circuits by following the path of a low-impedance faulg.

-
0 - ~ .
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The probe has an adjustable sensitivity that causeé an
1nd1cator lamp to light whenever sthe probe detects the mag-
netic field generated by a pu151ng curreng '
' This probe maxaalsd be used in conjunction, with the

)
’ [

_logic pulser to excite the circuit:

- -

.. . ] -
LO@IC CLIPS AND COMPARATORS -
Logic clips are similar to mu}tiple logic probes that
clip on to ICs anfl continuously register the logic states of

the various pins.

t
v

3 Loglc clips require no external power source, because - K
they automatlcally draw power.from the power supply pin of -
the IC under test. ’ k -

Due to the increasing variance of IC pin packages — from

‘16 to 24 to, 40 and higher — logic clips must match the pin
configuration of the IC under test to be of use. .
» LOgic’ comparatorSVare stgllar to logic clipsy but use a
reference IC that is ﬁgown to be working properly to detect

and indicate apy -variation between the reference levels and

those of the IC under test. -~

Once again, the pin configlBrations must match for the

deV1ce to be of value. T

Similar devices are used to check entire c1rcu1t boards -~

bf comparing. a new or known-good board with the board under
suspicion. ‘ o

Substitution of components is not adv1sab1e until a prob-
lem has been definitely located. Random substitution-will
cause inconsistent failure and might éctually disguise the

‘required action necessary to cure the computer malfunction.

q . f , .
4 - . "

.

/N
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An oscilloscope uses a cathode-ray tube display sto pro-
vide a graphic representation of an électf;cal signal.

The sé;sitivity of an oscirioscope is adjhstable not
only to;its voltage, resistance, or current characterlstlcs,
but also to its frequency and its occurrence in time. )

Many oscilloscopes offer & multlple-trace capability to
compare more than one signal at a time. Ho&ever, the require-
ments of comparing the 8 or 16 simultaneous conditions presen%
on the buses of mlcrocomputers are better accomplished by a
10°1c analyzer.

Y.

LOGIC ANALYZERS .

[y

Modern logic analyzers offer many capabilities that

‘speed up the analysis of how a microcomputer is operatlng.

Logic analyzers-use microcomputers coupled with oscil-
loscope-type circuitry tp'go,to a specified location within
a program and indicate the conditions of /the logic circuits,
buses, and so forth at that point.

v

. The multi; trace capab111t1es of logic analyzers can ﬁro-
duce timing’ d;splays 51mnlar to those contalned in most micro-
computer hardware manuals for easy compaglson.

TQesé devices can also list,data at specified regions in

tabular form, or map conditions using special display tech-

~_. ~
niques. - .

Thesé analyzers can also be programmed to execute test .
sequences that apply pulses to specified points-.and then mea-

-

sure the results.

\ . ” o
—— - - ¥ - ' - - -
- B .
.
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Many of the fhewer logic dnalyzers offer édmpiex and

‘ useful roﬁtiﬁes to perform autohatie1 éetailed analysis gf -
the microcomputer,circﬁitry under test. 2 / )
- TROUBLESHOOTING TECHNIQUES ' ‘ S S

.

’ * -

There are two important Categorles of information that - -

are useful in troubleshooting m1crocomputers These are the . .
- instruction set introduced in the course, Mrcrocbmputer Oper- )

ation, and the 1nterna1 architecture of the m1crocomputer, as
'displayed 1n'the Block d;agrams of the KIM-1, as shown }n
, , Module MH-06 (as well as timing charts). ‘
Knowledée of the instruction set is necessary in.order
to be able to,distinguish between hardware and software-
initiated problems . For example, it must be known tha;( at .
the specific p01nt w1th1n ‘the computer program being etamlned . \
any HIGH/LOW cond1t10n on any of the address; or "data buses is d(/a
intentional and not a'mlstake. . ) , .
By slowing down the Sperationuof a micrbcémputer to .the N j ]
point where)it executes a 51ng1e instruction- upOn cOmmand : :
these 1nte{%a1 values can be measured and compared with a

-/
-

program listing. ; . ' ' S B
- This method o£ slow1ng down the m1crocompute7 operation_ IR
is commonly known as single-Stepping, and is a form of static .
testing. This is the opposite of dynamic testing methods, °* ,
* which will be discussed later. . . .
The comparison of measured values with & program 1listing
v « 1is called program trac1ng,Aor simply, tracing. The clock . ' .
pulses that trigger the operations can be 1ntroduced by the .
'nlcrocomputer bv means of a single-step su1tch or, push-button;

- ’

.clock pulses mav-‘also be generated by a logic pulser. . ~

v

S -
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"Errors or differences in measurgd logic-levels'from a-
program listing indicate hardware‘problems since in trouble-
shoot1ng it is assumed that the bugs have been worked out of
the software ’ S,

~

Single- stepp1ng to ‘a point ‘well 1nto a long or compli-

[N

cated program is ted1ous. . ’
The use of logic analyzers has greatly 1mproved the ab1l-
ity of a troubleshooter to 1dent1fy malfunct1ons qu1ckly

The . goal of most troubleshootlng today is to narrow the,

potential causes of any malfunction ‘by- means of observ1n0 any

e

Page 40/MH-07

deviations from normal operating cond1t1ons

P

. This is the pr1méry purpose of the diagnostic programSo "
being included in today s microprocessors. i

© Once a specific area ‘has been isolated-as containing thq
cause of a malfunct1on an increas1ngly 1mportant considera-

tion in the subsequent effort to correot any problem W1ll be

4

-

the cost of’ replacing the failed module. : -
Current trends 1nd1cate that it w1ll become 1ncreas1ngly
less%cost eff1c1ent to troubleshoot individual components
There are several reasons for this. The mach1nery used
by the m1crocomputer manufacturEr dur1ng development and tests
ing ,stages enabled the manufacturer to_ invent very cost effec-
t1ve'systems for rap1dly 1dent1fy1ng and correct1ng problems

>that océur within a.component . .

&

.+ Once a troubleshooter has 1solated a problem to a spe-
cific IC (or memory board, or I/O board) replacement will be-
come the most popular and 1nexpens1ve form of fepair. '

“The techn1c1an should check the wanranty requ1rements

for equxpment still under a warrantv agreement. Many many- .
»ﬁ'g;urers of m1crocomputer equ1pment will not honor a warranty
agreement 1f the customer has attempted to troubleshoot ®he™

board

ond

s
~

-

-
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However, other manufacturers welcome on-site people who

can troubleshoot to the extemt of replacing defective boards

»

»
.

from an on-site spares kit.
’

\USING A LOGIC ANALYZER : ‘ :

- S
£

The ‘best method of troubleshooting a micrpkomputef uti-g .
lizes a logic analyzer to monitor a program running at normél &
.operatiﬁg speed. This is called'dynaﬂic testing.
.Not all legic analyzers manufactured today will hqyg all
of the features mentioned here. One should.consult the oper-

ating -manual for specific features and operating instructions.

‘Most-logic analyzegs will have a CRT-type display and a : §}\

keyboard. Various probes connect the read inputs of the ana- ,
lyzer. with the internal buses and clock lines of the micro-

4 . N

computer under test. ‘ . .

A ﬁrogram trace can usually be instructed to begin and

ehd at a specified instruction and even follow selected

4
\

brggihes within the program. o,
l*Thé data requested to be monitored at each program siep

can be formatted to be displayed in one of many specifica-

tions. X
. - Some analyzers can be set to examine data when a speci-
.

fied number of clock pulses have passed from a trigger point.
This feature is called digital delay.

. Microcomputer, timing rates can be compared through count
measurement comparisons of the elapsed time, or through the ;
number of events during exegcution of a specified program.

S .. Por example, invegtigqtions of this type can pinpoint

problems-by showing a Con§istént time interval between the N

-

t

r

Y |
{
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execution of| several program steps, followed by an abnormally -

“ k ' long time interval between other steps. This could indicate ) ;
- that some‘maliuﬁhtion is occurring during the time gap and '
pinpoint that poi\tuforwfurther investigation.
Graphing or mapping may be available on the iogic ana-
lyzer as a means of\monitoring program flow. )
Mos%,logic analyzers have the abilityféo sample all of
" - the_parallel lines of a bus simultaneously at a variable
sampling rate, and then generate a tfming diagram that graph-'
icalﬁ& compares the lines. This facilitates the comparison
. of timing*relationships within an event to manual diagrams.
Figﬁre 1 is typicad of timing diagrams found in most .
microcomputer hardw;fe manuals. The. particular diagram illu-
strated in Figure 1 shows the write handshake sequence for

the KIM-1 microcomputer.

Q
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ENABLE -]

o
ApDRESS X - :X

R/W

~

¢
&

"DATA BUS

X

Processor puts out address of peripheral device and
changes R/W signal to write enable (LOW).

During phase two, processor puts out data on Data Bus.

Data from the processotr are accepted by the MCS62520 on
the falling edge of the enable clock.

, ,
Perlphéral interface device now begins the handshake by
signalrgg the peripheral de¥ice that data are avallable

to read on the output port.

When the &xternal periphegal device reads the data on
the output port, it will respoud by a change in CBl.
. This change in CBl is followed by a positive transition
of CB2, signaling the processor* that data were accepted.
&

Figure 1. KIM-1 Write Hgndshgke Sequence Timing Diagram.
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‘quently removed is advised.. - ;r

e’

HANDLING INTEGRATED CIRCUITS

4

At the/%resent time, most integrated clrcuits encountered
in microcomputer equipment are common and well documented.

1f microcomputer equipment hardware manuals do not con- ,
ta{n enough detailed information on pin,designations, inter-
nal circuitry,'and so forth, th1s information-is-normally,
available in IC master gu1des Master guides can-be purchased
from 1ndependent publ1shers or from IC hanufacturers.

Great care myst be taken to protect Ch1ps from random or .

w7
static charges, as these charges can cause short C1rcu1ts /

within the IC. Th1s is espec éllv true when removing and r 74
plac1ng integrated circuits. ’
The IC tester program in the laboratory procedure 1ﬂnz

Module MH-03 is” actually a d1agnost1c for comparison of ﬁa1led

¢
JICs to reference ICs for short-circuit detect1on /

The use of IC sockets 1n situations whete ICs arerfre-

IC t1m1ng may fluctuate w1th1n variations in power supply
voltage. The effects of th1s variation can be deduced by
varying the p?wer supply vpltages UP and DOWN while mon1tor1ng
the timing of. 4C " ' '

Figure l (the system Block diagram from Module MH-06)
and F1gure‘2 (which follows) are typical of diagrams found .
in m1crocomputer hardware manuals

Figure 2 is a typ1cal 1llustrat1on showing IC pin desig-
nations. VA" 'pihs are the address .bus; D" p1ns are the data

‘bus. ‘The MCS6503, MCS6504,° and MCS6505 m1croprocessors are

used in KIM microcomputers. Bar lines over the pin labels
for the reset line (RES), interrﬂpt request line (IRW), and
the ‘non-maskable interrupt line (NMI), indicate tHKat the nor-

mal, logic level of these control lines ‘_ opposite that of
the, others. . . e

. .
Ay ~ ¢ " v
, .
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: Figure 2. Diagram of IC Pin {cas,ignations. .~
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EXERCISES

.

<

1. When using a logic probe to ;esf TTL ICs, what' should
. the condition of the light on the probe be when mea-
) suring the following conditions? ‘ .

Condition =) Light off, dim, bright, .
. { flashing, slow, flashing fast

+5 volts
~-2 volts

a
b
‘ c. High impedance
’ d. 1.1 volts i
e
f

High clock sbe d
No voltage R

oQ

Slow clock speed s -

\

(V]

WhicH of the following program steps look

suspicious? L7 v . : N
. . _A . . /o . - - ’
‘ Program step 7 Elapseéd time - Interval’
Step 1 - | | +101 microsecqnd§ y ‘ P )l )
i Step 2 . +205  microseconds I
S Step ¥ . +613 microseconds
Step 4 4715 microseconds .
. Step. 5 /o +819- microseconds _
Step 6 o ‘. +930 microseconds
Step 7 ‘ +1490 micrdseconds. ' e
Step 8 ! - -+1600 microseconds . - ’ ‘
O' ) P
' i""c \ P * ®
_____ i e S
. I3 ‘/
¥ , | ?
& 3
N ‘ ~
¢ \\;7 7
JH:Q fPage 1 . f,///
. 210 .
A /
o } t v
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'LABORATORY MATERIALS

KIM-1 microcomputer.

-

Logic analyzer | »

LABORATORY PROCEDURES

i

v

-

Use the single cycle timing diagram for the KIM-1 shown
.in Figure Sgior comparison with the timing display of

the logic analyzer as a static test. s
Use the gddress/data listings in Table 1, perform some

of the dynamic tests available using the brand of logic

" . analyzer available. Make a qomparison between ‘the re-

sults of the test and results indicated in the listings.

&

v . - .

% -~
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$2

ALY SWIT(l
] ()IEJ)

‘.

- -~

WFWMU -

N

Yy
24 »

SINGLECYCL E swircit
(NOTE3)

L j'LI

RDY l I l

ADDRESS u\l§ :X X ‘ X—X X/
—

R’/w . :

ING l:I(NAL PRUCESSOR STATES

’

v

.l_l

19
L} ‘B | ) L i -
[~ L % |
) . . . ‘ ‘ '-
L. Indicates an undetermined time period during which the signal will_ gllahge.

- . : .

2. The data bus enE‘ers tﬁe high-impedance state during each phase one pulse. However,
while the processor is stopped the data bus will appear to remain HIGH or LOW as -
shown. \ .

‘3 Sw;tch Fxcpuation is indicated by ‘a L({w signal. ’ I !

?igure 3.

N

Diagram of KIM-1 Single Cyc&e‘Timiné.
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DATA TABLE .

. 4

_DATA TABLE.

%

N

N

ADDRESS/DATA LISTINGS.

v

\ .

Ifn‘medxate Addressing (2 cvcles)

In Address Bus Data Bus
10 % PC 0P CODE
Tl PC « 1 Data

T0 PC + 2 OP CODE
-ero Page Addressing (3 cvcles) o
In Address Bus Data Bus
T PC op CODE
T PC + 1° ADL

T2 00, ADL Data

TO PC.s 2 OP CODE

Absolute. Addressing {4 cvcles)

’

«

=

/W

1
1
1

¢ R/
1
1
1

* Comments

Comments

Fetch OP CODE
« F;pcﬁ Data
“Next Instruction .

Fetch

OP CODE
Fetch

Effective Address’
Fetch Data
Neat Instruction

»

-

L

.In Add‘ress ‘Bus Data Bus R/W Comments p
= EE— = - S maa
70 t . PC OP CODE H Fetch OP CCDE .
T PC + 1 ADL 1 ‘ Fetch LOW order Effective
. " - Address -byte
LT2 PC + 2 ADH 1 Fetch HIGH order Effectivd
. . ' - Address byte .
75 « ADH, ‘ADL Data .~ . 1 o Fetch Data
0 - PC + 3 ' OP EODE’ i Next Instruction
Indirect. X AddressinL.(G cvelesy N
In Address Bus Data_ Bus A °  Comments o
10 PC OP CODE 1 , * Fetch DP CODE
71 s PC 1 BAL 1 g Fotch Page lero Base .
- Address
T2 00, BAL - Data 1 - R
. {Disgarded) ! ‘
T3 .00, BAL % X ADL 1 Fetch LOW order bvte of
i . ‘ - a - R Effective Address
T3 00, 3AL + ADH - 1 Fetch HIGH order nvté of.
- i &8 tiv s
. X+1 . Effective Address
T3 AMDH, ADL Data . s ¢ Fetch Data ¢
10 pE - 2 oP CODE 1 Next Imstruction -
<~ v .
., - M !
. ! ) . - - U .
’ ’ \‘ . ’
- h . : ©®
& -
‘ l/J ¢ -
M . [y
e, RS .
® ¥ \s i » .
.t 2241 :3 : [N

-
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Select the appropriate response.

1. Wﬁltiple ch01ce

r The trend in- m1crocomputer troubleshootlng is toward
. .a jghodular replac ent.
) b. raodom substitution. f ”
L - " c.. self-diagnostics. Ve 3 4
T4 _All of the above are correct.
. e Only a and c are correct. - // .
' 2. Matching . . )
S Logic analyzer ‘ a. Ihjects-pulses
. ___ Logic probe / b.  Uses reference IC
) . . Logic comparator c. Contains microprocessor
. S __;_ Logic pulser d. 16 simultaneoﬁs,readouts
.= Y _ Logic olio\ e.

off, &4y, bright, fiashing

3. JTrue/False
a= Knowledge pf software has nothlngato do with
~"‘ . troubleshooting. . ‘

b. If a microcomputer does not work, 1mmed1atelg Te-
place all of . the boards w1th spares that.aye on
hand. . ‘

c. As tlme goes by, it w111 become 1ncreas1ng1y less*®

1

cost-efficient to troublteshoot 1nd1v1dua1 compo-

2%

. nents : 0 v -~ ~
- d. ICs are 1mmUne to»statlc e1ectr1c1ty e -
“ 4. Fill-In-the-Blank - L. . s
as A curréﬁt tracer helps to locate A ‘
e c1rcu1ts bx fol1ow1ng the path of a low- 1mpedance
fault. . ‘ -
. / oo ‘ . .
L2 v '

. 8 < >

¢ . . : )
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Tl .

-

e ;
An v uses a cathode- ?&v

Fi
»—

. tube dlsplay to,provide, a graphsc representat1on

of an electrlc signal. -

> is a form of static

: A

testing which slows down the operation of a micne:

computer. . \
Program follows the path

of{a program comparing measured values with a pro-

gram listing:




